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Introduction

Water resource managers have been successful in developing approaches for reducing
nonpoint source pollution in newly developing urban areas. Issues become increasingly com-
plex, however, when managers are faced with the challenge of reducing nonpoint source im-
pacts within previously developed urban environments. A diverse assortment of resource man-
agement tools, or “retrofits,” is being developed, but their implementation has been hampered
by a lack of technology transfer opportunities. The National Conference on Retrofit Opportu-
nities for Water Resource Protection in Urban Environments was designed to address
these issues and to transfer much-needed information to state and local water resource practi-
tioners.

Held in Chicago, lllinois, on February 9-12, 1998, the conference program brought together
an array of progressive scientists and researchers, along with managers of successful local
retrofit projects from across the country. Session topics included retrofit opportunity identifica-
tion, modeling and monitoring approaches for retrofit applications, conservation design strate-
gies, innovative financing approaches, evaluating results and measuring success, newly emerging
technologies, urban revitalization issues, riparian reforestation, and public education and in-
volvement programs.

During the conference, a series of speakers presented papers, 43 of which are reproduced
in these proceedings. The purpose of this document is to present these papers and provide
information to individuals unable to attend. All papers included were peer reviewed. This docu-
ment will be useful to individuals who are interested in information about retrofitting techniques
and approaches to improving protection of urban water resources. A list of the nearly 300 at-
tendees is provided following the papers.
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Securing the Urban Greenfrastructure:
Integrating Stormwater Management with Regional Growth Management

Michael C. Houck
Urban Naturalist, Audubon Society of Portland

and

Natural Resources Working Group, Coalition For a Livable Future
Portland, Oregon

Introduction

As a representative of the Coalition for a Livable Fu-
ture!, | was asked to present information on what we are
doing in the Portland, Oregon and Vancouver, Washing-
ton metropolitan region to integrate the “Urban
Greenfrastructure” into our growth management strategies.
I will first describe the context in which we are working to
integrate more progressive stormwater management and
Greenspace (natural area) protection into regional growth
management strategies. Then | will discuss the efforts of
the Coalition for a Livable Future to further integrate that
work into a framework that includes social and environ-
mental growth objectives.

The Portland Park Bureau’s 1903 master plan contains
the following admonition to utilize the natural landscape to
address issues of water resource management:

Marked economy may be effected by laying out parks,
while land is cheap, so as to embrace streams that carry
at times more water than can be taken care of....thus,
brooks which would otherwise be put in large underground
conduits at enormous public expense, may be made at-
tractive parkways.

This has a certain Olmstedian ring to it, but it was John
Charles Olmsted not his father who first articulated a policy
of multi-objective stream management some 95 years ago.
While there may be no such thing as “cheap” land any-
more, especially in the cities, realizing Olmsted’s vision is
very much within our ability to implement in the urban and
urbanizing environment. That is the path we have set out
on in the 24 cities and three counties of the Portland met-
ropolitan region.

Building and Retrofitting Livable Regions

One of Henry David Thoreau’s most quoted statements
is, “In wildness is preservation of the earth.” Ironically, some
members of the conservation community, carrying
Thoreau’s aphorism into battle, have contributed to the
unfortunate demonization of the city. Some in the conser-
vation community, | believe, have also deified the so-called

“American Dream” of owning a quarter acre, or better yet,
a rural homesite in which to commune with nature, as if
nature cannot be appreciated in an urban setting. Of
course, most of them will then commute to the much-de-
rided city to work. The resultant urban sprawl has con-
sumed vast acreages of prime farm land and productive
forest land; fragmented wildlife habitat; destroyed a sense
of community; created expanding areas of concentrated
poverty in inner cities; and significantly increased the cost
of infrastructure, including stormwater management.

Robert Liberty, Director of 1000 Friends of Oregon, pro-
vided the following data which illustrate the tremendous
consumption of land that is the signature effect of unfet-
tered urban sprawl. Between 1970 and 1990 the Chicago
region’s population grew by 4% but its land area increased
by 50%. Kansas City’s population grew by 29% during that
same period and its land consumption was 110%.
Michigan’s population is projected to grow by 12% between
1990 and 2020 while the urbanized areas in that state will
increase between 63% and 87%. A study commissioned
by the New Jersey legislature concluded that low-density
development consumed 130,000 more acres than a more
compact urban form would have, at an additional cost of
$740 million for roads and $440 million for sewer and wa-
ter infrastructure.

Perhaps Thoreau’s adherents would be better served
by a new aphorism, “In livable cities is preservation of the
wild.” It will only be through the creation or, where neces-
sary, the re-creation of livable cities that we will success-
fully protect the American landscape and the wilderness.
But we cannot hope to create compact, land-conserving,
urban forms unless we also ensure our cities are places
people want to live, not flee. Without a vibrant, healthy
urban Greenfrastructure (an interconnected system of
streams, wetlands, Greenspaces and greenways), we will
not create, or recreate—retrofit, if you will—livable cities.

Smart Growth and Urban Stormwater
Management

There is a growing national movement toward compact
urban form, although in truth it is not so much a movement



forward as back to a development pattern that is reminis-
cent of our pre-World War Il, non-auto-dominated commu-
nities. The weakness of this new Smart Growth movement
is the lack of an explicit nexus between higher-density,
mixed-use, pedestrian-friendly development and redevel-
opment on the one hand, and the protection and long-term
management of the urban Greenfrastructure on the other.
I was recently discussing the Smart Growth movement with
one of its adherents in Washington, D.C. and noticed a
huge, four-foot by six-foot poster on the wall. Amidst the
multi-modal transit schemes, row houses, townhouses and
mixed-use developments was a small, three- by five-inch
area marked “open space.” There were no wetlands, no
un-culverted streams, not even a tree in this Smart Growth
scenario.

How do we rectify this? First, we can ensure that the
next version of that poster has not only the progressive
urban planning icons, but also urban waterways with
healthy riparian zones, parks that serve multiple purposes—
including stormwater and floodplain management—and
waterways used by people, fish and wildlife. To promote
this vision we need to form new partnerships between non-
government organizations (NGOs) and the practitioners
of water resource, stormwater and floodplain management.
We also need to build new coalitions among NGOs and
the grassroots citizen groups that can promote the inte-
gration of urban waterway management into the Smart
Growth movement.

The Coalition For a Livable Future has successfully
brought together unlikely partners in the nonprofit commu-
nity to integrate stormwater management into local and
regional land use programs, and to integrate environmen-
tal issues with social and environmental equity concerns.
The Coalition For a Livable Future (CLF) is a group of more
than 40 nonprofit organizations, working in the Portland-
Vancouver metropolitan region, including: the Urban
League of Portland which represents low-income commu-
nities and people of color; the Community Development
Network, an umbrella organization for the region’s afford-
able-housing advocates; Bicycle Transportation Alliance
and other alternative transit advocates; several stream
groups and watershed councils; and three local neighbor-
hood associations. What many would consider more “main-
stream” conservation organizations such as the Audubon
Society of Portland and 1000 Friends of Oregon are also
CLF members.

Coalition Building: Linking Environmental
and Social Concerns to Regional Growth
Management

Robert Liberty, director of the 1000 Friends of Oregon,
provided the catalyst for the formation of the coalition by
bringing Myron Orfield, a Minnesota state legislator, to
Portland. Representative Orfield has studied metropolitan
regions throughout the U. S. and has documented the “hol-
lowing out” of their urban cores. His maps graphically il-
lustrate the economic disparity that develops between

communities as the rapidly growing, sprawling suburbs cap-
ture a larger share of the regional tax base—where de-
mand for social services is lowest—while urban neighbor-
hoods with the highest social needs struggle to meet a
high demand for services, with a dwindling tax base.

The containment and the reversal of these phenomena
was the primary basis for formation of the CLF. While the
Portland metropolitan region does not exhibit all the symp-
toms of urban decline observed throughout the U. S., there
were enough signs that we might be headed down the
same path of metropolitan decay. The result of Orfield’s
presentation and subsequent meetings was the writing of
a mission statement and development of core principles
around which diverse partners could join to become a re-
gional coalition. The coalition’s mission statement and ob-
jectives were sent to interested organizations and individu-
als with an invitation to join. Every member organization
has been asked to sign an agreement to work not solely
on their individual issues, but to commit to promoting the
entire integrated package of CLF objectives.

CLF’s mission is: To protect, restore, and maintain
healthy, equitable, and sustainable communities, both hu-
man and natural, for the benefit of present and future resi-
dents of the greater metropolitan region. The focus of the
coalition is to adapt or change government land use, trans-
portation, housing, public investment, and economic and
environmental policy through advocacy, research, and
public education.

The CLF’s objectives are:

1) Protect the region’s social and economic health in-
cluding: preventing displacement of low and moder-
ate income residents and people of color; assuring
equitable access to employment and affordable hous-
ing throughout the region; and reversing polarization
of income.

2) Develop a sustainable relationship between human
residents and the region’s ecosystems by: changing
patterns of urban expansion to more compact neigh-
borhoods; expanding transportation options; and pro-
tecting, restoring and maintaining healthy watersheds,
fish and wildlife habitat, and Greenspaces both within
and outside the Urban Growth Boundary.

3) Assure fair distribution of tax burdens and govern-
ment investment within the region.

4) Promote a diverse and tolerant society.

5) Increase public understanding of regional growth
management issues; develop effective democratic
discourse; and promote broader citizen participation
in decision-making regarding regional growth issues.

In forming the CLF, we have brought together afford-
able-housing advocates, those working in the jobs-with-
justice arena, and representatives from low-income com-



munities and people of color with the land use and trans-
portation specialists. We are not focusing our attention on
urban stormwater management alone, but on our regional
growth management program, Region 20402, cross-inter-
est education in regional growth issues has been such a
tremendously powerful political tool that affordable-hous-
ing experts testify before local and regional governments
supporting Greenspace protection. By the same token,
elected officials hear about affordable housing and urban
design issues from the Audubon Society of Portland.

Regional Growth Management: The Context
for Coalition Building and Stormwater
Management

In addition to Orfield’s catalytic role in the formation of
the CLF, we were fortunate in having a regional planning
program to help focus our energy and develop jointly held
principles and policies. Metro, the only directly elected re-
gional government in the United States, has authority over
the 24 cities and three counties in the Portland metropoli-
tan region. Metro’s charter requires it to undertake regional
growth management planning and other issues “of regional
significance.” Water resource management is one of the
regionally significant issues that Metro is required to ad-
dress, as is housing, transportation, hazard mitigation and,
with considerable assistance from coalition members,
Greenspaces or natural area acquisition and management.
The CLF supports Metro’s work where it is coincident with
our mission and objectives and addresses deficiencies
where necessary. One of the initial deficiencies was weak
stormwater and watershed management policies.

To date, the CLF has succeeded in persuading Metro’s
seven-member council to adopt provisions for fair share,
inclusionary zoning for affordable housing (which is, as you
might suspect, a controversial issue among local govern-
ments); low-income community economic revitalization
language in the Regional Framework Plan: and newly
adopted floodplain and water quality management regula-
tions that will be applied consistently throughout the met-
ropolitan region. Additional acquisition of natural areas,
Greenspaces, and implementation of a regional
Greenspaces master plan is also a key element of the
framework plan.

Greenspaces to Stormwater Management;
Securing the Urban Greenfrastructure

One of the first areas of focus for the coalition was par-
ticipation in the development of a regional vision. Metro’s
Future Vision Commission developed, among numerous
other recommendations, the following vision for the region:

Integrate urban, suburban, and rural lands in a water-
shed-wide perspective to ensure reduction in downstream
flooding, reduction in wintertime flows and enhancement
of summer flows, protection of riparian corridors and wet-
lands and restoration of fisheries. Any future development
within the targeted urban reserves must be sensitive to
increased stormwater runoff, erosion, and sources of pollu-

tion and flooding downstream communities. An integrated,
multiobjective floodplain management strategy shall be
developed which recognizes the multiple values of stream
and river corridors including: enhanced water quality, fish
and wildlife habitat, open space, increased property val-
ues, education, flood reduction, aesthetics, and recreation.
An interconnected system of streams, rivers, and wetlands
that are managed on an ecosystem basis and restoration
of currently degraded streams and wetlands are important
elements of this ecosystem approach.

We next took on the task of redefining what the region
viewed as “infrastructure” in our Regional Growth goals
and objectives. We developed an alternative definition, took
it to the regional advisory committee of local elected offi-
cials and the full Metro Council and the following definition
of urban infrastructure was adopted:

Infrastructure: Roads, water systems, sewage systems,
systems for storm drainage, telecommunications and en-
ergy transmission and distribution systems, bridges, trans-
portation facilities, parks, schools and public facilities de-
veloped to support the functioning of the developed por-
tions of the environment. Areas of the undeveloped por-
tions of the environment such as floodplains, riparian and
wetland zones, groundwater recharge and discharge ar-
eas and Greenspaces that provide important functions re-
lated to maintaining the region’s air and water quality, re-
duce the need for infrastructure expenses and contribute
to the region’s quality of life.

From Greenspace Acquisition to Watershed
Management

Even prior to the formation of the coalition, the Audubon
Society of Portland and several other groups like The
Wetlands Conservancy had worked to create a regionally,
interconnected natural areas system. The Coalition for a
Livable Future identified Metro as the logical government
entity to house a regional natural areas system. Working
with numerous citizen groups and local park providers, the
coalition was able to persuade Metro Council to establish
a Regional Parks and Greenspaces Program at Metro.

Again, coalition-building and partnerships with govern-
ment agencies at every level were key to this successful
grassroots effort. We also had to be creative. We brought
in “outside experts” such as Dr. David Goode, Director of
the London Ecology Unit in England and New Yorker au-
thor, Tony Hiss, who wrote about our efforts in national
publications. We also invited nationally syndicated colum-
nist Neil Pierce to address our newly established coalition
of Greenspace advocates, FAUNA (Friends and Advocates
of Urban Natural Areas). We then organized two field tours
of the East Bay Regional Park District in Alameda and
Contra Costa Counties in the San Francisco Bay area so
local elected officials and park professionals in our region
could see how a regional park system focused on natural
areas can be developed and managed.

In spring of 1989, with funding from the Audubon Soci-
ety of Portland, local neighborhood groups, U. S. Fish and



Wildlife Service, the U. S. Army Corps of Engineers and a
host of other cooperators, Metro commissioned an infra-
red photography project for the entire Portland-Vancouver
metropolitan region, an area covering 1925 square miles
(55 miles north to south and 35 miles east to west). Dr.
Joe Poracsky, professor of geography at Portland State
University, and his graduate students then digitized this
low-level imagery to produce for the first time in our region
a map of all remaining natural areas in the Portland-
Vancouver metropolitan region®

The result of these efforts was the development of the
political will and broad public support at both the local and
regional level to establish a regional Greenspaces program
at Metro and to pass, with 60% voter approval, a $135.6
million bond measure (from an increase in property taxes)
to acquire up to 6,000 acres of Greenspaces. While this
acquisition program is a very important tool, the acquisi-
tion of 6,000 acres in a region that contains 204 square
miles and measures 38 miles east to west and 26 miles
north to south is inadequate to protect the regional land-
scape.

Regulatory Approach: Region-Wide
Floodplain and Water Quality Management

During the past three years the Coalition’s Natural Re-
sources Working Group has focused its efforts in the regu-
latory arena and the development of a region-wide Func-
tional Plan, one element of which—Title 3—addresses flood-
plain and water quality management. Every opinion sur-
vey demonstrates tremendous public support for additional
regulatory approaches to the protection of water quality
and the region’s urban waterways. Water quality is viewed
as essential to the maintenance of the region’s livability
and long-term economic health. Protecting urban streams
is consistently rated one of the top values in Metro’s public
surveys: 60 % of the respondents want to protect urban
streams, even if it means limiting development.

The Portland metropolitan region has 213 miles of 303
(d)-listed streams and rivers (water quality limited). In ad-
dition to these polluted stream miles, 388 miles of streams
have “disappeared” by being culverted, routed underground
or piped under streets and parking lots. An estimated 8,840
household units in the region are in, or close to, floodplains.
Approximately 1,080 units were built in floodplains since
1992. During the February 1996 flood, 189 homes in the
region were inundated with water. According to the Oregon
Emergency Management Office, the cost of this flood was
about $60 million for the three counties in Metro’s jurisdic-
tion.

To address these issues the Coalition For A Livable Fu-
ture has worked with local stream groups and watershed
councils, and with Metro staff and elected officials at the
local and regional levels to develop a region-wide strategy
to address development in the region’s floodplains and the
degradation of water quality in the Willamette River and its
tributaries. One of Metro’s most important advisory com-
mittees recently recommended to Metro Council that the

region’s cities and counties be required to do the follow-
ing, as one element of the region’s integrated Growth Con-
cept:

1. Prohibit new development in the floodplains of the
region’s rivers and streams or, at a minimum, require
“balanced cut and fill.”

2. Adopt water quality performance standards that fo-
cus on retention of vegetated corridors along all of
the region’s streams, rivers and wetlands. Each city
and county will be required to maintain vegetated cor-
ridors which provide shade, stabilize banks, trap soll
and other runoff before it enters the water and mod-
erate stormwater flow. The vegetated corridors will
measure (on each side of the water feature):

15' for seasonal streams that drain between 50 and
100 acres, on slopes of less than 25%

50' for perennial streams or rivers that drain more
than 100 acres, wetlands and year-round springs if
they are in areas where slopes are less than 25%

200' for streams and wetlands where slopes are
more than 25%

3. Adopt Metro’s map which delineates all floodplains,
wetlands, stream corridors and steep slopes (over
24%) throughout the region or develop local maps
which “substantially comply” with Metro’s maps.

4. Adopt region-wide erosion control for any new devel-
opment (no acreage limitation).

5. Adopt Metro’s Model Ordinance or develop a local
ordinance which substantially complies with Metro’s
Model Ordinance.

This new regulatory package will be voted on by the full
Metro Council in April of this year (1998). Once adopted
(scheduled for May of 1998) local jurisdictions will have up
to eighteen months to implement the provisions of the
Floodplain and Water Quality Management Functional
Plan. The recent listing of steelhead by the National Ma-
rine Fisheries Service for the lower Willamette River and
the Sandy and Clackamas Rivers, all of which are in Metro’s
jurisdiction, has brought the Endangered Species Act to
the Portland metropolitan region in a manner that will as-
sist in the adoption of water resource-oriented growth man-
agement policies.

For example, Oregon’s Governor, John Kitzhaber and
agency directors from the departments of Agriculture, Land
Conservation and Development, Division of State Lands,
Water Resources, Fish and Wildlife, Geology and Mineral
Industries, and Environmental Quality and Water Re-
sources submitted a joint statement that Title 3 of the
Coalition’s Functional Plan is an important first step in wa-
tershed enhancement...The recent federal endangered
species listing of steelhead in the Columbia and Willamette
River systems elevates the significance of habitat protec-



tion practices at the local government level. . .We offer the
following additional recommendations: add a provision for
setback buffers in headwater areas, preferably a minimum
of fifty feet. We encourage Metro’s early adoption of strong
Title 3 policies and implementing measures so that
progress can be made soon on the larger work envisioned
by chapters 4 and 5 of Metro’s Regional Framework Plan.
A letter of this nature is unprecedented in the Portland met-
ropolitan region.

Next Steps

The Coalition will continue to focus its efforts on the chap-
ters of the Regional Framework Plan that require consis-
tent, region-wide stormwater management: mandated com-
prehensive watershed planning for all the region’s water-
sheds within Metro’s jurisdiction; development of policies
to reduce landslide hazards; and development of a regional
fish and wildlife habitat protection program that would en-
sure an adequate program in every city and county within
Metro’s jurisdiction. We will also work to implement the
Greenspaces Master Plan, which will include an update of

the 1989 infrared Greenspaces inventory, and establish
plans for a regional interconnected Greenspace system
based on maintaining the region’s biodiversity and wildlife
corridors.
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Abstract

Physical habitat and biological measurements were
taken in nontidal streams below eight stormwater man-
agement pond facilities (BMPs) during the spring of 1996.
Two of the sites were predominantly in commercial land
use while the remaining six sites were in residential land
use. The results were compared to 33 sites with no
stormwater controls. Three replicate macroinvertebrate
samples were collected in riffle habitats using a kicknet.
Biological quality was determined from six metrics using
100-organism subsamples identified to the species level.
Physical habitat quality was determined from 12 metrics
that defined the condition of the channel, stream bank, and
riparian zone. These biological and physical habitat metrics
were compared with mean values derived from three ref-
erence sites to produce summary index scores for each
site, reported as “percent of reference.” The overall
macroinvertebrate community, as measured using a com-
posite of all six biological metrics (Community Index), was
not significantly different between BMP and non-BMP sites.
A similar result was found using a composite of three
metrics that characterized pollution-sensitive organisms
(Sensitive Species Index). The BMPs did not prevent the
almost complete loss of sensitive taxa (e.g., mayflies,
stoneflies, and caddisflies) after development. Further, the
BMPs did not attenuate the impacts of urbanization once
the watershed reached 20% impervious cover. Data are
needed to determine whether these controls would attenu-
ate impacts at lower levels of development (5-15% imper-
vious cover). Half of the BMP sites had Habitat Index scores
comparable to the reference condition, indicating mixed
results with regard to the effectiveness of the BMPs in pro-
tecting physical habitat. These results suggest that follow-
ing management actions may be needed: (1) modifications
to traditional urban designs that reduce impervious cover
and preserve natural features (e.g., “conservation design”),
(2) modifications to stormwater retention basin designs
(e.g., expanded capacity, constructed wetlands), and (3)

the restoration and preservation of forest cover along
stream channels, especially along intermittent streams and
first and second order perennial streams.

A data set of this size should not be used to derive de-
finitive conclusions regarding the ability of stormwater con-
trols to protect aquatic life and physical habitat. This study
characterized the condition of only eight sites, and the
stormwater management design criteria varied between
the sites. The lack of comparable studies of other regions
of the U.S., and the use of other measures of stream con-
dition below stormwater controls suggest the need for ad-
ditional research.

Introduction

Over the last 90 years, the population of the United States
has increased 300%, from 76 million in 1900, to 249 mil-
lion in 1990 (United States Census 1996). This period has
also seen a dramatic shift in the way people live and use
the land. In 1900, the majority of the U.S. population (60%)
lived in rural areas, while in 1990 the majority (75%) lived
in urban areas. This trend continues today although at a
slower rate. But even as the rate levels off, roughly three-
fourths of the estimated 25 million people that will be added
to the population over the next decade will likely live in
urban areas. Delaware’s population has experienced a
similar rate of population increase (185,000 to 666,000)
and shift in land use over this period.

This change in demographics and land use has brought
about profound changes in the physical, chemical, and bio-
logical integrity of nontidal streams in Delaware. The ob-
jective of this research was to determine the effectiveness
of stormwater controls, principally retention basins, to pro-
tect stream resources after urbanization. This study focused
on wadeable, nontidal streams and the use of
macroinvertebrates and physical habitat as indicators of
stream ecological health.



Impervious surfaces (roads, parking lots, rooftops, drive-
ways, sidewalks, etc.) increase peak flows during storm
events and reduce base flows during droughts. Urbanized
watersheds with 20-30% impervious cover were found to
have 10-15 times the frequency of small flood events (1-
year recurrence interval) compared to nonurban water-
sheds; large flood events (100-year) doubled in size after
urbanization (Hollis 1975). This change in stream hydrol-
ogy affects the physical structure and stability of stream
channels through accelerated erosion and sediment depo-
sition. The replacement of native riparian vegetation (e.g.,
trees) with lawns, parks, golf courses, and structures (e.g.,
buildings, bridges) along stream channels and floodplains
further impact the geomorphology of urban streams.

Water quality contaminants in stormwater (metals, nu-
trients, organics) further stress aquatic life. Exceedences
of dissolved oxygen (DO) criteria occur in streams and
ponds through nutrient enrichment and the removal of
shade. In a recent survey, unshaded stream channels in
Delaware exceeded the State’s acute criteria for DO and
temperature 73% and 38% of the days, respectively, dur-
ing the Summer of 1993 (Maxted et al., 1995). Both physi-
cal and chemical factors associated with urbanization con-
tribute to the overall biological condition of urban streams.

Aquatic organisms, principally fish and
macroinvertebrates, are commonly used to assess the
ecological condition of streams, and several researchers
have used them to assess the impacts of urbanization
(Shaver and Maxted 1995, Jones and Clark 1987, Klein
1979, Limburg and Schmidt 1990, Pedersen and Perkins
1986, Booth and Jackson 1994, Weaver and Garmen 1994,
and Garie and Mclintosh 1986). These studies have re-
cently been summarized (Schueler 1994). What is gener-
ally lacking are studies which use aquatic organisms to
evaluate the effectiveness of stormwater controls.

The water quality impacts of stormwater runoff are fairly
well documented, as is the ability of a variety of stormwater
management facilities to provide water quantity control and
water quality treatment. There has been an inherent as-
sumption that water quality treatment and pollutant cap-
ture directly translate into aquatic life protection. This as-
sumption has never been validated. In addition, stormwater
treatment facilities effectively remove pollutants, but the
level of performance is highly variable and needs to be
expressed in ranges rather than in specific levels of treat-
ment. At great expense, large amounts of data covering
many stormwater events and constituents are needed to
make reasonable statements regarding the performance
of BMPs in removing pollutants (Urbonas, 1995).

Water quality data can also present problems in terms
of data accuracy. Stormwater management facilities often
have multiple inflow points and may receive overland flow
which makes data collection difficult. Monitoring each in-
flow point and the facility outfall increases the potential for
error in data collection and analysis. Coupled with the need
to sample multiple storm events over different seasons and
different years, these factors make it difficult to accurately

assess the performance of the BMP. These factors also
affect the overall cost of monitoring.

What is needed is a simple, long-term approach to sys-
tem assessment which minimizes the cost of data collec-
tion and provides a framework for evaluating the effective-
ness of controls. Presented in this paper is a framework
for assessing the ecological health of aquatic ecosystems
and the performance of stormwater facilities using living
resources, in this case aquatic macroinvertebrates. While
evaluating stream ecological health using aquatic organ-
isms is widespread, the evaluation of stormwater facility
performance using this approach is fairly new. Preliminary
results of the present study have been summarized previ-
ously (Maxted and Shaver, 1997).

Methods

The heavily urbanized piedmont region of northern Dela-
ware was selected for study. Data collected at 33 sites
with no BMPs in the catchment were compared with eight
sites sampled below modern stormwater retention basins
(Figure 1). As of 1984, about half the piedment region (48%)
was in urban land use, 33% was undeveloped, and 19%
was in agriculture. Stormwater controls have only recently
been included as part of new developments in the region.
Therefore, the data collected at the 33 non-BMP sites rep-
resent conditions that existed before the implementation
of regulatory programs for controlling stormwater runoff.
The land use conditions in the watersheds above the 33
non-BMP sites covered the full range of urban land use
from relatively undeveloped watersheds with less than 10%
impervious cover to heavily urbanized watersheds with
greater than 30% impervious cover. Sampling sites were

4  BMP sites (n=8)

4 no BMP sites (n=33)

¥ Reference sites (n=3)

Figure 1. Locations of sampling sites within the northern piedmont

region of Delaware.



located 100 meters below the BMP discharge to minimize
the immediate influence of the discharge on the stream
and the influence of construction and maintenance activi-
ties related to the BMP itself (grading, mowing, habitat dis-
turbance, etc.).

The 33 non-BMP sites were sampled in the fall of 1993,
while the eight BMP sites were sampled in the spring of
1996 (between May 2nd and June 6th, 1996). The metrics
used to summarize the biological data were not consid-
ered to be sensitive to seasonal differences between the
fall and the spring, and thus allowed for this comparison.

Macroinvertebrate samples were collected using a 1-
meter? kick net (750 um mesh). Each sample was a com-
posite of two collections of a 1-meter? area of riffle, com-
bined in a sieve bucket (600 um mesh). Three replicate
collections were made at each site while moving progres-
sively upstream. A single 100-organism subsample was
removed from each sample and identified to the species
level. Six metrics were derived for each sample: taxonomic
richness (TR); richness of the orders of ephemeroptera,
plecoptera, and trichoptera (EPT); % EPT abundance (%
EPT); % Chironomidae (% C); % dominant taxon (% DT);
and the Hilsenhoff Biotic Index (HBI) (Table 1).

Habitat quality assessment included measures of the
channel, stream bank, and riparian zone. Each assess-
ment consisted of the visual characterization of a 100-meter
segment of the stream using the following 12 parameters.
Numerical scores, out of a possible 20 points, were as-
signed to each parameter.

CM - channel modification: the degree of engineering
of the channel shape (e.g., channelized) and the ex-
tent to which it meanders.

BSC - bottom substrate/available cover: the amount
and variety of submerged stable habitat throughout
the stream segment (e.g., riffles, logs, snags, aquatic
plants, root-wads along banks, etc.).

E - embeddedness: the degree to which the substrate
is surrounded or covered by fine sediment.

Table 1. Biological Metrics Used to Derive Summary Index Scores for
BMP and non-BMP Sites.

Metric Name Description Type

richness
rich/tolerance
tolerance/comp

taxonomic richness
EPT* richness
% EPT abundance

total number of unique taxa
total number of EPT taxa
% of sample that are EPTs

% dominant taxon largest % of a single taxon composition
% Chironomidae** % of sample from this group  tolerance
Hilsenhoff (HBI) composite tolerance by taxon tolerance

* EPT - the orders ephemeroptera (mayflies), plecoptera (stoneflies),
and trichoptera (caddisflies); high richness or relative abundance
indicates high quality.

**Chironomidae - family of midges; high relative abundance indicates
low quality.

RQ - riffle_quality: the dominant substrate found in
riffles; cobbles are the most desirable, boulders and
gravels are the least desireable.

FR - frequency of riffles: the abundance of riffle areas
in the stream segment.

SD - sediment deposition: the degree to which new
sediment is deposited in the stream channel as evi-
denced by islands, point bars, and sand and silt cov-
ering stable habitats.

V/D - velocity/depth: the presence of four categories
of flow regime; slow and deep, slow and shallow, fast
and deep, fast and shallow.

BS - bank stability: the proportion (%) of stream banks
that show evidence of recent and active erosion.

BV - bank vegetative type: the dominant vegetation
on the stream bank; trees and shrubs being most de-
sirable, grasses being the least desirable; left and right
banks scored separately and then combined.

S - shading: the percent of the stream surface that is
shaded throughout the day.

RZ - riparian zone width: the width of the riparian zone
showing little or no evidence of human activity; left and
right sides scored separately and then combined.

HCI - Habitat Comparison Index: summary index of
habitat quality; individual parameter scores summed
and divided by a reference value; index values ex-
pressed as “percent of reference.”

Three summary index scores, two biological and one
habitat, were derived for each site following procedures
developed by EPA (Plafkin, et al., 1989). Three reference
sites were sampled during the same seasonal period as
the sampling sites and used to derive index scores reported
as “percent of reference.” Habitat Index scores were de-
termined by comparing the total habitat score for each BMP
site with the mean total score for the three reference sites.
Community Index (CIl) scores were determined by com-
paring all six biological metric values for each site with the
mean values from the three reference sites. The CI was
used to define the overall quality of the macroinvertebrate
community. The Sensitive Species Index (SSI) scores were
determined using the three biological metrics (EPT, % EPT,
and HBI) that define the components of the community
that are the most sensitive to organic pollution. Mean CI
and SSI scores for each site were determined from the ClI
and SSI scores from the three replicate samples.

The biological data were plotted against % impervious
cover estimates determined for the catchment above each
site. Land use was determined from digitized 1992 land
use data. Percent impervious cover estimates were made
by multiplying the area of each land use category by the %
impervious cover estimate for that category, as published
by the U.S. Department of Agriculture (USDA 1986), sum-



ming the values for all the land use categories, and then
dividing the total % impervious area by the total area for
the catchment. The CI biological index values were plot-
ted against the HCI habitat index values to further charac-
terize the habitat quality of the BMP sites. Mean values
differing by more than one standard deviation were de-
fined as statistically significant.

BMP Site Selection

BMP site selection employed a variety of information
sources including an existing stormwater facility inventory
and discussions with individuals familiar with a number of
facilities. The stormwater facility and stream criteria used
to select BMP sites are listed below. Eight sites met these
criteria and were selected for study; two sites were pre-
dominantly in commercial land use while the remaining six
sites were in residential land use (Table 2). The two com-
mercial sites and one residential site met modern design
standards for peak control of the two-, ten-, and 100-year
storms, and extended detention of the first inch of runoff.
Four residential sites were designed for control of the ten-
year storm only. One residential site was located in the
main channel of Jenny’s Run below five separate reten-
tion basins that captured approximately 75% of the the
urban land use in the catchment (Table 2).

Stormwater facility criteria:

« Facilities had to be retention or detention basins, so
that one specific type of BMP (e.g., ponds designed
for stormwater control) could be evaluated.

« To the greatest extent possible, the facility had to meet
current design criteria which included peak rate con-
trol (two-, ten-, 100-year storms) and water quality
performance (24-hour detention for the first inch of
runoff). If a sufficient number of facilities were not found,
due to the recent nature of the State Stormwater Man-
agement Program (effective date July, 1991), older
retention ponds serving a development were consid-
ered.

« Facilities had to be at least two years old. The con-
cern with newer facilities was that there was potential
for construction-related stream impacts. If a new facil-
ity had significant instream impacts, the cause of the

Table 2. BMP Facility Data

impact might be related to excess runoff and sedimen-
tation during construction rather than the performance
of the BMP.

 Impervious cover in the catchment to the facility had
to be at least 20%. This would answer the initial ques-
tion concerning the effectiveness of BMPs in already
urbanized areas. Based on the results of this study,
future studies might address the question of the effec-
tiveness of BMPs at earlier stages of urbanization (e.g.,
5-15% impervious cover).

Receiving stream criteria:

« Discharge from the BMP represented the predominant
flow in the stream.

* Riparian zone had native vegetation (e.g., trees,
wooded, and shaded) and was not directly impacted
by human activities. This criterion might be difficult to
achieve in the heavily urbanized piedmont region of
Delaware.

* The receiving stream had perennial flow. This crite-
rion might be difficult to achieve since the streams
below individual retention basins are first order streams
with fairly small drainage areas.

« Riffles with a cobble substrate were common.

Results

The mean EPT richness (EPT), % EPT abundance (%
EPT), % Chironomidae (% C), and Hilsenhoff Biotic Index
(HBI) metrics were significantly different between the BMP
sites and the reference sites (Table 3). This indicated that
none of the BMP sites prevented a shift in the
macroinvertebrate community from one dominated by pol-
lution-sensitive organisms to one dominated by pollution-
tolerant organisms. Taken together, sites below BMPs had
a low proportion of the pollution-sensitive organisms (14%
EPT) and a high proportion of pollution-tolerant organisms
(54% Chironomidae), while the community at reference
sites was almost exactly the opposite (Table 3). The BMP
sites had half the mean HBI value of the reference sites,
indicating a shift at the species level as well. Similar re-
sults were found using the two summary biological indi-

Site Land Use % Impervious Cover Drainage Area Development
BMP 1* Residential 25 88.0 acres Corner Katch
BMP 2** Commercial 22 83.0 acres Brandywine Com
BMP 3** Commercial 65 36.0 acres Core States
BMP 4** Residential 30 32.0 acres Hunt at Louviers
BMP 5* Residential 28 383.0 acres Veranda

BMP 6* Residential 31 107.0 acres Limestone Hills
BMP 7* Residential 30 157.0 acres Chestnut Hills
BMP 8*** Residential 23 330.0 acres Jenny’s Run

*  Project design based on peak control of the ten-year storm only.

**  Project design based on peak control of the two-, ten-, and 100-year strom, in addition to 24-hour extended detention for the first 1" of runoff.
*** Sjte in main stream of Jenny’s Run; considered stormwater flow from more than one development site.



Table 3. Mean Values for Six Biological Metrics and Two Summary Indices Below Eight BMPs; Taxonomic Richness (TR), EPT Richness (EPT), %
EPT Abundance (% EPT), % Chironomidae (% C), % Dominant Taxon (% DT), Hilsenhoff Biotic Index (HBI), Community Index (Cl), and
Sensitive Species Index (SSI); Standard Deviation Appears in Parenthesis.

(% of reference)

samples Biological Metrics Summary Indices
Site N TR EPT % EPT % C % DT HBI Cl SSI
BMP 1 3 35 (5) 7.3 (0.6) 18 (6) 54  (6) 15 (5) 5.2 (0.4) 49 (3) 26 (6)
BMP 2 3 21 (6) 2.0 (1.7) 26 (19) 52 (20) 29 (7) 6.1 (0.4) 35 (15) 15 (17)
BMP 3 3 31 (3) 1.7 (0.6) 2 ) 71 (10) 27 (11) 5.8 (0.4) 33 (3) 7 (6)
BMP 4 3 26 (6) 6.0 (1.0) 17 (9) 60 (22) 27 (14) 5.3 (0.7) 39 (18) 18 (18)
BMP 5 3 19 (3) 0.0 (0.0 0 (0) 37 (24) 51 (26) 7.1 (0.5) 25 (6) 0 (0)
BMP 6 3 22 (7) 6.7 (1.1) 14 (2 38 (36) 47 (22) 6.4 (0.8) 31 (9) 7 (13)
BMP 7 1 29 () 5.0 (-) 9 () 75 () 22 () 54 (-) 35 () 1 ()
BMP 8 3 23 (3) 7.7 (1.5) 26 (8) 60 (8) 20 (5) 4.7 (0.5) 51 (12) 33 (20)
all BMPs 28 25 (7) 45 (3.0) 14 (12) 54 (21) 30 (17) 5.8 (0.9) 38 (12) 15 (15)
Reference 10 24 (4) 10.3 (1.8) 56 (12) 14 (13) 24 (4) 2.9 (0.6) 100 100

ces. The mean Community Index (Cl) scores for the BMP
sites ranged from 25-51% of the reference condition while
the mean Sensitive Species Index (SSI) scores ranged
from 0-33% (Table 3).

Mean values for the biological metrics and summary in-
dices for the eight BMP sites were compared to 21 non-
BMP sites with similar land use (Table 4). Only non-BMP
sites with greater than 20% impervious cover were con-
sidered in order to provide a similar level of urban devel-
opment between the two groups of sites. There was no
significant difference between the two groups of sites for
the EPT, %EPT, and %C metrics, as well as the Cl and
SSl index values (Table 4). Both the BMP and non-BMP
sites were significantly different from the reference condi-
tion for most biological metrics, indicating that neither group
of sites approximated conditions found in undeveloped wa-
tersheds (Table 4). While the BMPs appeared to increase
the relative abundance of EPTs (i.e., % EPT), it had no
effect on either taxonomic richness of EPTs (i.e, number
of unique EPT taxa) or the HBI; both are good indicators
of pollution tolerance.

A lack of biological improvement with the eight BMP sites
was observed when the data were plotted against % im-
pervious cover. No improvement in biological condition was
observed using either the Community Index (Figure 2) or
the Sensitive Species Index (Figure 3), as compared to
sites without BMPs. BMPs did not prevent the loss of sen-

sitive species found at reference sites. The degree of ur-
banization did not appear to affect biological conditions at
the BMP sites. The one BMP site with 65% impervious
cover had a similar biological condition to the seven sites
with 22-32% impervious cover.

Half of the BMP sites (BMP2, BMP3, BMP6, and BMP7)
had habitat scores less than 90% of reference, indicating
physical habitat impairment (Table 5). These sites exhib-
ited the physical characteristics of urban streams with no
controls, indicating that the BMPs were not effective at
eliminating the impacts of urbanization. The impacts were
most often associated with bank instability and channel
sedimentation. The other half of the sites (BMP1, BMP4,
BMP5, and BMP8) had habitat conditions similar to the
reference sites (i.e., greater than 90% of reference). It ap-
peared that some of the BMPs provided stable channel
characteristics, although there was no pattern related to
BMP design type or drainage area. The three sites that
had the highest physical habitat quality (BMP1, BMP4, and
BMP8) represented the full range of both BMP design type
and drainage area. The level of impairment, both physi-
cally and biologically, was also illustrated when biological
quality was plotted against habitat quality (Figure 4).

Discussion

Retention and detention basins designed to control
stormwater did not protect aquatic life from the adverse

Table 4. Comparison of Mean Values for Six Biological Metrics and Two Summary Indices Between Reference Sites and Sites With and Without
Stormwater BMPs; Taxonomic Richness (TR), EPT Richness (EPT), % EPT Abundance (% EPT), % Chironomidae (% C), % Dominant
Taxon (% DT), Hilsenhoff Biotic Index (HBI), Community Index (Cl), and Sensitive Species Index (SSl); Standard Deviation Appears in

Parenthesis.

samples

Biological Metrics

(% of reference)
Summary Indices

Site N TR EPT % EPT % C % DT HBI cl ssl
Reference 10/3 24 (4) 103 (1.8) 56 (12) 14 (13) 24 (4) 2.9 (0.6) 100 100
BMP 28/8 15 (7) 45 (3.0) 14 (12) 54 (21) 30 (17) 5.8 (0.9) 38 (12) 15 (15)
no BMP* 29/21 20 (5) 47 (27) 27 (18) 28 (23) 27 (18) 5.1 (1.2) 36 (14) 14 (15)

*only urban sites with 20-65% impervious cover included

10
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Figure 2. The effects of urbanization on the macroinvertebrate community; numbers denote BMP sites.
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Figure 3. The effects of urbanization on sensitive species of macroinvertebrates; numbers denote BMP sites.
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Table 5. Habitat Metric Scores Below Eight BMPs; Habitat Comparison Index (HCI) Reported as % of Reference; See Text for Abbreviations.

Site # CM BSC E RQ FR SD VD BS BV S RZ Total HCI
BMP 1 12 19 17 16 18 16 10 13 10 20 20 171 100
BMP 2 20 6 16 13 9 5 7 6 12 18 20 132 77
BMP 3 15 13 11 13 12 7 9 11 10 15 12 128 75
BMP 4 19 18 18 14 19 16 10 18 18 16 20 186 109
BMP 5 19 19 9 11 19 6 10 20 10 16 17 156 91
BMP 6 17 18 12 18 14 8 10 6 4 19 20 146 85
BMP 7 11 5 19 10 1 6 11 20 10 17 13 123 72
BMP 8 18 19 19 17 19 16 10 1 10 20 20 179 105
Reference 17 17 18 15 17 12 10 1 17 16 20 171 100
Possible 20 20 20 20 20 20 20 20 20 20 20 220 -
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Figure 4. The effect of habitat quality on biological integrity; biological quality measured using the Community Index; numbers denote BMP sites.

effects of urbanization. This may be due to factors related
to the design and construction of the BMPs themselves,
such as temperature, water quality (road salt, contami-
nants), inadequate controls during construction, and age
of the facility. Modern extended detention basins are not
designed to control dissolved contaminants and tempera-
ture extremes. Constructed wetlands added on to reten-
tion ponds may be needed to remove dissolved contami-
nants and attenuate temperature extremes.

Half of the BMP sites did not provide habitat conditions
comparable to reference areas, indicating that the ponds
did not maintain stable channel characteristics. Further
study is needed to define the controlling factors. One of
the most important factors contributing to both the physi-
cal habitat and biological impacts we observed may be
related to hydrologic modification of the watershed. Ponds
mitigate, to some degree, the hydrologic changes result-

ing from conventional urbanization, but they cannot reduce
the significant increase in total volume of post-develop-
ment stormwater traveling through the watershed. Efforts
to simulate pre-development hydrology (through conser-
vation design) may be necessary to protect aquatic re-
sources.

The impacts we measured 100-200 meters below the
facility may be attenuated with distance downstream. There
was some indication, from visual observations in the field,
that biological conditions improved with increased distance
from the discharge. More data are needed to determine
the areal extent of the impacts in streams we have reported
below stormwater detention facilities.

The effect of the ponds themselves on stream ecology
should not be overlooked. The aquatic community is often
different upstream and downstream of ponds, even in unde-
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veloped forested watersheds. While one of the three ref-
erence sites had a series of old farm ponds in the water-
shed, two did not. Ponds effectively convert inorganic car-
bon and nutrients to organic matter through photosynthe-
sis. This fine particulate organic matter (FPOM) discharged
to the stream during runoff events is a preferred food source
for invertebrates and fish tolerant to organic pollution. The
effect on living resources we observed and quantified be-
low the eight BMP ponds may also be related to the con-
struction of the ponds themselves. The important conclu-
sion remains, however, that ponds constructed to treat
stormwater were inadequate to protect aquatic life.

Site selection was more difficult than we first anticipated.
Many of the streams that received a discharge from a re-
tention or detention pond were too small to sample, had a
degraded riparian zone (unshaded), or discharged directly
to a larger tributary. Many of the BMP sites not selected
for study had small drainage areas that would have had
intermittent flow even under pre-development conditions.
It was difficult to find a representative sample of stormwater
management BMPs that met modern design criteria due
to the relative short time between the initiation of the
Stormwater Management Program in Delaware and this
monitoring effort. The only sites meeting the state’s
stormwater management requirements in terms of when
they were constructed and their design criteria were the
two commercial sites and one residential site. The other
residential sites were selected because retention ponds
are a preferred practice under the new state program.

Construction-related impacts must be expected as a re-
sult of increased stormwater discharges and elevated sedi-
ment loadings. There has to be a period of time after con-
struction, and before measurements should be taken, to
assess the response of a receiving system to site devel-
opment and stormwater management facilities. We can
make recommendations, such as a period of two years
used here, but that recommendation must be considered
“preliminary” and subject to variation around the country
due to differences in climatic and other factors.

The importance of riparian zone protection and restora-
tion cannot be stressed too much. More effective man-
agement of riparian zones must be provided if receiving
systems are to acheive the structure and function of un-
disturbed systems. The greatest difficulty in site selection
was finding BMPs that discharged to streams with undis-
turbed riparian areas. This was not surprising given the
results of a recent statewide survey in which 87% of the
nontidal stream miles were found to have degraded physi-
cal habitat (Delaware DNREC 1994). The environmental
benefits of control efforts (both structural and non-struc-
tural) will be reduced if we fail to restore and protect ripar-
ian habitat.

This study represented a different approach to assess-
ing BMP effectiveness as compared to chemical monitor-
ing. Traditional approaches that focus on chemical con-
taminants determine aquatic life use support based on
pounds of pollutants removed and compliance with chemi-

cal criteria. Our approach looked directly at the aquatic
organisms the controls were designed to protect. Living
resources are the only direct measure of aquatic life con-
dition. All others, including physical habitat, are surrogates
that may underestimate or overestimate the true condition
of living resources.

Some have argued that undeveloped forested water-
sheds should not be used as the reference condition for
evaluating the performance of stormwater controls. They
also assert that fundemental changes in land use in urban
watersheds justifies the establishment of a lower quality
“urban stream standard” for aquatic resources. They feel
that this lower standard is needed because streams in ur-
ban watersheds will never achieve such a high level of
quality even with extensive land use and stormwater con-
trols. Further, they claim that urban land uses impact only
a small percentage of stream resources in most regions.

We reject these arguments for several reasons. First,
such an “urban stream standard” would be nearly impos-
sible to set. How would such a level of “acceptable” or
“achievable” quality be determined? Whatever approach
was selected would undoubtedly be influenced by political
rather than scientific factors. Second, conservation design
practices coupled with structural and non-structural con-
trols do not yet exist over extensive areas. We, therefore,
have no way of knowing whether the application of these
controls might achieve a higher level of ecological quality.
Third, if we were to set a lower standard, we would elimi-
nate a principal incentive for challenging and testing the
standard. And lastly, urban areas affect an ever-increas-
ing proportion of nontidal streams, particularly intermittent,
first, and second order streams. Urban sprawl affects
aguatic resources far away from city centers, extending
the proportion of streams affected by urbanization. While
roughly half of the piedmont region of Delaware is in ur-
ban land uses, it adversely affects nearly all of the 270
miles of nontidal streams.

It is too early to panic, as additional studies are needed.
Our results should best be described as preliminary. If fur-
ther studies confirm these results, BMP design criteria will
have to be reconsidered to provide a greater level of pro-
tection to receiving systems. Similar data are needed at
more sites in the piedmont region of the Mid-Atlantic U.S.,
before making definitive conclusions on the effectiveness
of stormwater basins in protecting aquatic life and physi-
cal habitat. Data are also needed for various types of ur-
ban designs (e.g., conservation design), various levels of
impervious cover, and various types of BMP designs, in-
cluding the three presented here and the use of constructed
wetlands. The ultimate question remains to be answered:
Can urban developments that incorporate available con-
trol technologies be cost-effective and marketable, while
protecting living resources?

Urban Retrofit Opportunities

What are the implications of this research with regard to
areas already undergoing various degree of urbanization?

13



First, this research indicates that retention basins are not
sufficient to protect living resources. Itis likely that changes
are also needed in the way urban areas are designed and
constructed in the first place. It should be no surprise that
ponds added on to conventional urban developments,
where nearly 100% of the development site is modified for
human uses, did not protect aquatic life. The concept of
“conservation design” used in conjunction with structural
and non-structural controls may be necessary. Conserva-
tion design encompasses a range of alternative design
practices that reduce impervious surfaces (e.g., reduced
roadway width, reduced setbacks), preserve sensitive natu-
ral features (woodlots, wetlands, floodplains), and reduce
collection system infrastructure (grassed swales, smaller
and more numerous retention areas). The State of Dela-
ware, in conjunction with the Brandywine Conservancy,
has recently completed a manual on conservation design
(Delaware DNREC 1997).

Second, protecting intermittent, first, and second order
perennial streams needs to be mentioned since their im-
portance is often overlooked. From a developmental per-
spective, these streams are often filled, piped, rerouted,
or otherwise altered. We then, through regulatory programs,
attempt to protect third and higher order streams and their
associated resource values. It may not be possible to pro-
tect the values of these higher order streams and rivers
unless we first protect the headwater streams at the top of
the watershed.

Third, the design of stormwater retention basins may
need to be modified to enhance their performance, par-
ticularly with regard to dissolved contaminants and tem-
perature effects. It should also be no surprise that ponds
may not be sufficient, by themselves, to attentuate the water
quality, hydologic, and biological effects of urbanization.
In fact, the ponds themselves may be contributing to the
problem. Conservation design in conjuction with extended
detention and constructed wetlands may be necessary to
protect stream ecological health. Further, we may want to
make a requirement that all ponds be “off-line” from wet-
lands, intermittent streams, and first and second order
perennial streams to prevent the direct impact that the
BMPs have on existing aquatic resources.

Fourth, riparian restoration should be implemented im-
mediately, which would provide significant benefits to
stream health even in heavily urbanized areas. Most of
the BMP sites visited during site selection could not be
studied because the streams they discharged to lacked
native riparian vegetation (e.g., trees). They most often
consisted of backyards or parks with grassed areas and
few trees. Through public education and the establishment
of easements, these areas should be preserved and re-
stored as natural wooded riparian corridors. This will be
necessary, eventually, even after the implementation of
structural and non-structural controls, to protect aquatic
resources. Since natural revegetation with trees can take
many years, efforts should be initiated now.

All of these objectives will need to be met if streams in
urban areas are to attain the structure and function of natu-

ral systems. Since prevention is often more effective and
less expensive than treatment, the most critical watersheds
are those in the early stages of urbanization (5-15% im-
pervious cover). The need to focus attention on these wa-
tersheds is important because impacts are often perma-
nent once the urban land use is in place. Additional re-
search and monitoring is especially important in these ar-
eas while we also attempt to retrofit conditions in already
developed watersheds.
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Introduction

The health and well-being of the aquatic biota in surface
waters is an important barometer of how effectively we are
achieving the goals of the Clean Water Act, namely the
maintenance and restoration of biological integrity and the
basic intent of water quality standards. States designate
water bodies for beneficial uses (termed designated uses)
that along with specific chemical, physical, and biological
criteria, assure the protection and restoration of aquatic
life, recreational, and water supply functions and attributes.
Ohio Environmental Protection Agency (EPA) employs bio-
logical, chemical, and physical monitoring and assessment
techniques to assess the status of these beneficial uses
and to satisfy three major objectives:

1) determine the extent to which use designations as-
signed in the Ohio Water Quality Standards (WQS)
are either attained or not attained;

2) determine if use designations assigned to a given
water body are appropriate and attainable; and,

3) determine if any changes in key ambient biological,
chemical, or physical indicators have taken place over
time.

An integrated biological, chemical, and physical moni-
toring and assessment approach has been used to sup-
port all relevant water quality management activities, in-
cluding urban stormwater issues, within Ohio EPA during
the past 18 years. The details of this process have been
extensively described elsewhere (Ohio EPA 1987a,b; Ohio
EPA 1989a,b; Yoder and Rankin 1995, 1998).

Urban Watersheds

Urban watersheds in Ohio exhibit a familiar legacy of
aquatic resource degradation. Few, if any, ecologically

healthy watersheds exist in the older, most extensively
urbanized areas of Ohio (Yoder 1995) and no headwater
streams (i.e., draining <20 mi.?) sampled by Ohio EPA dur-
ing the past 18 years in these areas have exhibited full
attainment of the Warmwater Habitat (WWH) use desig-
nation (Yoder and Rankin 1997).

The activities that have the greatest impacts on aquatic
life in Ohio’s urban watersheds include the wholesale al-
teration of watershed hydrology, loss and degradation of
riparian habitat, direct instream habitat degradation via
channelization, culverting, and interceptor sewer line place-
ment, excessive sedimentation resulting from land distur-
bance activities and stream bank erosion (strongly linked
to riparian encroachment), and contributions of excessive
nutrients, oxygen-demanding wastes, and toxic chemical
pollutants via urban runoff, point source discharges (both
permitted and unpermitted), and spills and other releases.
According to the 1996 Ohio Water Resource Inventory
(305[b] report), urban and suburban sources are respon-
sible for aquatic life use impairment in nearly 1000 miles
of Ohio streams and rivers and more than 23,000 acres of
lakes, ponds, and reservoirs (Ohio EPA 1997). These ac-
tivities also threaten existing full use attainment in nearly
160 miles of streams and rivers and may pose a potential
problem in more than 4380 miles of streams and rivers
that have not yet been fully monitored and evaluated. These
are also one of the fastest growing threats as urban and
suburban development extends further into rural water-
sheds.

While much attention has been paid to toxic substances
in urban runoff, evidence suggests that sedimentation is
the most pervasive single cause of impairment associated
with nonpoint sources in Ohio. While sediment deposition
in lotic and lentic environments is a natural process, it be-
comes a problem when the capability of the ecosystem to
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“assimilate” the sediment load is exceeded. The effects of
sediment on aquatic life are the most severe in the
ecoregions of Ohio where: (1) upland erosion and runoff
are moderate to high, (2) clayey silts that attach to and fill
the interstices between coarse substrates predominate,
and (3) streams and rivers lack the ability to expel the finer
grained sediments from the low-flow channel because of
instream and riparian habitat degradation. Estimates of
gross erosion alone are not consistently correlated with
adverse impacts to aquatic communities, although this is
a frequently used indicator for prioritizing nonpoint source
management efforts (Yoder 1995).

Bioassessment of Urban Watersheds

Ohio EPA uses biological criteria via a bioassessment
approach in the designation and assessment of rivers and
streams. Biological criteria are the principal tool for deter-
mining impairment of designated aquatic life uses and
bioassessments play a central role in the Ohio Nonpoint
Source Assessment (Ohio EPA 1990; 1991), the biennial
Ohio Water Resource Inventory (305b report; Ohio EPA
1997), and watershed-specific assessments of which Ohio
EPA completes from 6-12 each year. Biological criteria rep-
resent a measurable goal against which the effectiveness
of pollution control and other water quality management
efforts can be judged. However, biological assessments
must be accompanied by appropriate chemical/physical
measures, land use characterization, and source informa-
tion necessary to establish linkages between stressors and
the biological responses.

Methods And Analyses

For bioassessments to achieve their maximum effective
use in the assessment of urban streams, a watershed de-
sign to sampling and analysis should be employed. A re-
cent example is the Cuyahoga River basin in northeastern
Ohio and small, wadeable streams of the Columbus met-
ropolitan area (Franklin County) in central Ohio. The former
represents historically and extensively urbanized streams
including a mix of residential, commercial, and industrial
land use, streams draining recent and rapid suburban de-
velopment, and larger streams which are dominated by
point source effluents, principally treated municipal sew-
age. The latter case includes small watersheds affected
mostly by residential urban land use with a wide range of
intensity from older areas to recent and rapidly developed
suburban areas.

Biological and Water Quality Assessments

Fish and macroinvertebrates were sampled respectively,
at 82 and 48 locations, in the Cuyahoga River basin in
1996, and an additional 32 locations were sampled for
macroinvertebrates in 1991. Water samples were collected
up to six times at 40 macroinvertebrate sampling locations
and 63 fish sampling locations, and included standard field
parameters (D.O., temperature, pH, conductivity), nutrient
series (N and P), demand parameters (suspended solids,
BOD, COD), and selected heavy metals. Drainage areas
at Cuyahoga River basin stream sites ranged from approxi-

mately 2 to 700 mi2. Fish communities only were sampled
in the Columbus area, at 80 stream locations with drain-
age areas at all sites less than 35 mi2. No water chemistry
samples were collected. Macroinvertebrate community
performance was evaluated using the Invertebrate Com-
munity Index (ICI; DeShon, 1995). The ICl is a multimetric
index comprising ten attributes of community structure and
composition. The individual metrics were scored against
expectations derived from least-impacted reference sites
(Ohio EPA 1987hb, 1989a; DeShon 1995; Yoder and Rankin
1995). Fish communities were sampled using generator-
powered, pulsed D.C. electrofishing units and a standard-
ized methodology (Ohio EPA 1987b, 1989b). Fish com-
munity attributes were collectively measured with the In-
dex of Biotic Integrity (IBl; Karr 1981; Karr et al., 1986)
modified for Ohio streams and rivers (Yoder and Rankin
1995; Ohio EPA 1987b). Habitat was assessed at all fish
sampling locations using the Qualitative Habitat Evalua-
tion Index (QHEI; Rankin 1989, 1995). The QHEI is a quali-
tative, visual assessment of the functional aspects of
stream macrohabitats (e.g., amount and type of cover,
substrate quality and condition, riparian quality and width,
siltation, channel morphology, etc.).

Two indicators of urbanization were developed for the
Cuyahoga River basin, housing density and urban land
use cover. Housing density by Census Block Group was
obtained from the 1990 Census of Population (U.S. Bu-
reau of Census,1990). Urban land use cover was derived
from Landsat Thematic Mapper satellite imagery of land
cover classification (September 1994) provided by the Ohio
Department of Natural Resources. The number of hous-
ing units per hectare was calculated for the subwatershed
upstream from each fish and macroinvertebrate sampling
point to the boundary of the watershed. The percent urban
land use for subwatersheds upstream from the fish sam-
pling locations only were similarly calculated for both the
Cuyahoga Basin and Columbus area study areas.

Statistical Analyses

IBI scores were regressed against chemical water qual-
ity parameters, an index of habitat quality (QHEI), and
housing density. ICI scores were regressed against chemi-
cal water quality parameters and housing density. Water
quality parameters were expressed as the average con-
centrations of phosphorus, dissolved oxygen (D.O.),
nitrate+nitrite-nitrogen, ammonia-nitrogen, arsenic, lead,
and cadmium (macroinvertebrates only) based on grab
samples collected 6-8 times during June-October. Lead
was highly intercorrelated with zinc, copper and chromium.
Arsenic and cadmium were intercorrelated at fish sampling
locations. Transformations used to correct departures from
normality are provided in Table 1.

The relationship between different levels of urbaniza-
tion, as indicated by housing density or percent urban land
use (IBI only), and performance of the IBI, ICI, and se-
lected metrics was further quantified using an analysis of
variance model where quartile distributions of housing
density and percent urban land use (e.g., 1st quartile <
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Table 1. Parameter Estimates from the Regression of IBI on Water Quality Variables, Habitat Quality (QHEI) and Housing Density, and ICI on

Selected Water Quality Variables and Housing Density.

Index of Biotic Integrity (IBI)

N: 63 Multiple R: 0.606 Squared multiple R: 0.368 Adjusted R% 0.274
Effect Coefficient Std Error t P(2 Tail) Adjusted R?
Constant 23.318 11.019 2.116 0.039

Log,,(Ar) 5.123 9.740 0.526 0.601 -0.011
Dissolved Oxygen 0.549 0.852 0.644 0.522 0.006
Log,,(Pb) 3.997 5.923 0.675 0.503 0.022
1/NH, -0.098 0.107 -0.916 0.364 -0.011
QHEI 0.091 0.095 0.952 0.346 0.071
Log,(TP) -7.876 4,781 -1.647 0.105 0.048
Log,,(NO,) -4.484 2.053 -2.184 0.033 0.063
(House/Hectare) -7.171 1.769 -4.053 0.000 0.274

25th percentile of housing density, etc.) were used as fac-
tor levels. Metrics of the ICI that were used as dependent
variables included the number of Ephemeroptera,
Plecoptera and Trichoptera (EPT) taxa, the percent com-
position of mayflies, other dipterans/non-insects, and tol-
erant taxa. 1Bl metrics used included the percent compo-
sition of omnivores, tolerant fishes, sensitive fishes, and
insectivores. IBI scores and metrics from a subset of
samples in the Cuyahoga Basin with drainage areas less
than 100 mi? were also analyzed according to percent ur-
ban land use in a similar manner to examine for potential
differences due to stream and watershed size. Because
sample sizes varied widely in the subsets, multiple com-
parisons were made using Sheffé’'s procedure (Neter et
al., 1991). An analysis of covariance model was constructed
for Columbus area streams using quartiles of percent ur-
ban land use as factor levels, QHEI as a covariate, and IBI
scores, percent composition of tolerant fishes, insectivores,
and omnivores, the number of darter and sculpin species,
and number of sensitive species as dependent variables.
Multiple comparisons were made using Tukey’s procedure
(Neter et al., 1991).

Because Cuyahoga River basin streams are subject to
a variety of multiple stressors, fish sampling sites were
qualitatively classified by predominant impact type and
regressed against percent urban land use cover (log,,
transformed) as a comparison to the results derived by
using housing density and to determine the influence of
impact type on the regression function. Impact types were
defined as least impacted, estate (i.e., subwatersheds with
large lot-size residential homes or green space provided
by parks), sites reflecting gross instream habitat alterations
(i.e., channel modifications or impoundment), sites im-
pacted directly by discharges from combined sewer over-
flows (CSOs), sites impacted by wastewater treatment plant
discharges alone and with CSOs, sites with evidence of
impacts by legacy pollutants, or urbanization only. Regres-
sion coefficients from a subset of least-impacted, estate,
and urban-only sites with drainage areas less than 100
mi? were compared to the same subset of sites for all drain-
age areas. Results of an ANOVA model using quartile dis-
tribution of percent land use as a factor level effect and IBI

scores as independent variables were compared to those
derived from the housing density model. Housing density,
as an indicator of the degree of urbanization, was further
evaluated by comparison with percent urban land use.

Housing Density and Biological Performance

When paired with chemical water quality data, housing
density explained approximately 27% and 59% of the varia-
tion in IBl and ICl scores in the Cuyahoga River basin (Table
1). Of the water quality variables tested, only nitrate+nitrite-
nitrogen and ammonia-nitrogen explained a small, but sig-
nificant proportion of the variation in IBI and ICI scores
(=3% and 1%, respectively). For all IBI and ICI scores,
housing density accounted for 31% and 23% of the varia-
tion in scores. Multiple comparisons of factor levels based
on quartile distribution of housing density identified a thresh-
old level of urbanization, coinciding with 2.53 housing units
per hectare, beyond which IBI or ICI scores will increas-
ingly fail to attain the biological criteria for the warmwater
habitat use designation (Figure 1).

Shifts within the macroinvertebrate community were also
associated with a threshold level of urbanization (Figure
2). The number of EPT taxa were significantly higher at
the lowest levels of urbanization. Conversely, the percent
composition of pollution tolerant taxa collected from the
artificial substrate samplers increased sharply at sites ex-
ceeding the twenty-fifth percentile of housing density. Simi-
larly, the percent composition of other dipterans and non-
insects increased with increasing urbanization. The per-
cent composition of mayflies found on the artificial sub-
strates did not change with increasing level of urbaniza-
tion (Figure 2).

Shifts in the compositional metrics of the fish commu-
nity were associated with the degree of urbanization in the
Cuyahoga River basin (Table 2) and included an increase
in the relative abundance of tolerant and omnivorous fish.
The relative abundance of omnivorous fishes, however,
tended to be highest at intermediate levels of urbaniza-
tion, but differences were not statistically significant for the
subset of streams with drainage areas less than 100 mi?.
Insectivorous fishes were least abundant when housing
density exceeded the seventy-fifth percentile threshold.
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Distributions of Index of Biotic Integrity (IBI; lower) and Invertebrate Community Index (ICI; upper) scores from the Cuyahoga River
basin plotted by quartiles of housing density upstream from sampling locations. The level of urbanization is given by quartiles of housing
density per hectare of the subwatershed upstream from sampling locations. Horizontal lines spanning adjacent box plots indicate similar
means. Levels of housing density per hectare corresponding to the 25th, 50th and 75th percentile are 2.53, 4.45 and 7.26 units/ha,
respectively. The shaded areas indicate the applicable biological criterion and the range of insignificant departure.
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Performance of four Invertebrate Community Index (ICI) metrics in relation to housing density for the Cuyahoga River basin. The level of

urbanization is given by quartiles of housing density per hectare of the subwatershed upstream from sampling locations. Horizontal lines
spanning adjacent box plots indicate similar means. Levels of housing density per hectare corresponding to the 25th, 50th and 75th

percentile are 2.53, 4.45 and 7.26 units/ha, respectively.

Urban Land Use and Biological Performance

The percentage of urban land use cover explained 26.7%
of the variation in IBI scores in the Cuyahoga River basin,
similar to that explained by housing density. When classi-
fied by quartile level of percent urban land use cover, the
mean of IBl scores in the first quartile was significantly
higher than those in the third or fourth quartile (Figure 3).
However, classification by percent urban land use cover
showed a more continuous decrease in mean IBI scores
with an increasing level of urbanization than did housing
density. Multiple comparisons of component IBI metrics
classified by level of urban land use cover showed similar
average responses to increasing urbanization as did clas-
sification by housing density (Table 2). However,
intraquartile variation of the metric responses was greater
among urban land use cover than for housing density, lead-
ing to fewer significant differences between means and
reflecting the more continuous decrease in mean IBI re-
sponse with respect to percent urban land use cover.

Significant differences in mean IBI scores between the
levels of urban land use were also found for Columbus
area streams (Figure 3). Mean IBI scores from streams
with less than 3% urban land use were significantly higher
than those with greater than 33% urban land use (Figure
3). Shifts in the composition of the fish community associ-
ated with increasing percent urbanization included the loss
of darters, sculpins, and other pollution and habitat sensi-
tive species, decreased abundance of insectivores, and
an increase in the proportion of tolerant fishes (Table 3).

Discussion

Threshold levels of urbanization beyond which biologi-
cal communities are likely to be impaired have previously
been identified in the range of 8% to 20% impervious cover
within a watershed (Schuler 1994). The threshold levels in
our study of approximately 8% and 33% urban land use
cover for the Cuyahoga River basin and Columbus area
streams, as identified by analysis of variance, is in general
agreement with the studies reviewed by Schuler (1994).
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Table 2. Factor Level Means and Sheffe” Groupings for Selected Fish Community 1Bl Metrics Sampled in the Cuyahoga River basin in Relation to

Urban Land Use Indicators. Means Sharing a Common Letter are Not Significantly Different. The Asterisks Denote where Significant
Differences Between Groups were Not Detected in Multiple Comparisons for the Percent Tolerant Group from all Sites, and for the

Number of Sensitive Species in Streams Less than 100 Mi2, The Overall F Tests Indicated a Significant (P < 0.05) Linear Relationship.

Urban Indicator Number of Percent as Percent as Percent as
(Quartile) N Sensitive Species Insectivores Tolerant Omnivores
All sites - Housing Units per Hectare
1st 22 A 3.0 A 49.9 A 31.9 A 15.1
2nd 21 AB 2.1 A 39.2 AB 38.2 B 28.3
3rd 19 cB 1.4 A 27.4 AB 48.1 B 484
4th 21 C 0.4 10.5 B 714 A 22.1
All sites - Percent Urban Land Use
1st 22 A 2.5 A 49.5 A* 35.9 A 18.7
2nd 21 A 2.2 A 41.4 A 40.4 A 27.7
3rd 19 AB 1.4 B 18.6 A 54.2 A 38.7
4th 21 B 0.7 B 14.6 A 58.2 A 31.0
Drainage Area < 100 mi? - Percent Urban Land Use
1st 12 A* 2.5 A 44.8 A 46.5 A 22.7
2nd 11 A 2.0 A 40.8 A 44.3 A 20.4
3rd 9 A 0.8 B 13.2 A 66.1 A 11.5
4th 17 A 0.6 B 10.5 A 69.7 A 24.9

Impact Types
O Unimpacted

60 + Estate

L h b O Habitat

L Upper Cuyahoga Tribs

S Unimpacted, Estate and Breakneck Creek A CSOs

- Urban Only Nat. Rec. Area Tribs ¥ WWTP+/-CSO
50 N + ® Urban

- o + B Legacy

Al Sites \ o
40 R o

30

Index of Biotic Integrity (IBI)
L Q
>

20 [~Little Cuyahoga & Tribs.
" Mill Creek, Big Creek, Tinkers Creek
[ Cuyahoga River (Channelized, Reservoir v
12 L Release, Impounded, CSO, & WWTP Bypasses)

0.1 1

Percent Urban Land Use

Figure 3. Distribution of Index of Biotic Integrity (IBl) values plotted by quatrtiles of percent urban land use cover upstream from sampling locations
for all sites in the Cuyahoga River basin, Cuyahoga basin sites with drainage areas less than 100 mi?, and Columbus area streams. The

shaded areas indicate the applicable biological criterion and the range of insignificant departure.
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Table 3. Factor Level Means and Tukey Groupings for Selected Components of Fish Communities Sampled in Columbus Area Streams. Means
Sharing a Common Letter are not Significantly Different. Samples Sizes in Ascending Order by Quartile are 20, 18, 20 and 20; Two

Cases in the Second Quartile had Missing Values Due to No Fish.

Percent Urban Number of Number of Percent as Percent as Percent as
by Quartile Sensitive Species Darters/Sculpins Insectivores Tolerant Omnivores
1st A 3.3 A 3.1 A 40.8 A 54.6 A 130
2nd A 3.8 AB 2.2 AB 32.0 A 56.3 A 13.9
3rd B 0.9 CB 1.1 B 17.0 B 82.7 A 105
4th B 0.6 Cc 0.6 B 19.7 B 78.3 A 51

However, the threshold level identified by regression for
the Cuyahoga River basin was influenced by the presence
of other stressors (e.g., CSOs, point sources, legacy pol-
lutants). The elimination of those sites impacted by other
stressors from the regression resulted in an increased
threshold of urbanization (Figure 4). Although other stres-
sors acted as covariates in a sense, these were not ame-
nable to an analysis of covariance because each occurred
in relatively discrete groupings along the continuum of in-
creasing urbanization. Analysis of variance was better able
to identify a threshold level by contrasting discrete ranges
(i.e., quartiles) along the entire range of increasing urban-
ization (Figure 3).

Similar patterns in the effect of increasing urbanization
on biological communities were evident for both the
Cuyahoga River basin and Columbus area streams.
Detectible differences in the number of sensitive fish spe-
cies in Columbus area streams occurred at lower levels of
urbanization than did IBI scores, illustrating the role of sen-
sitive species as sentinels of urban effects. Sensitive fishes
are rare in the Cuyahoga River basin as a whole due to
historic, complex, and widespread anthropogenic stressors,
yielding less response and higher variation associated with
interquartile means compared to the Columbus area
streams. However, the number of EPT taxa, a sensitive
macroinvertebrate guild, similarly acted as sentinels of ur-
banization given that EPT abundance was significantly
reduced at relatively low levels of urbanization. The abun-
dance of mayflies, showing little correlation with the level
of urbanization, did not respond in a manner similar to the
number of EPT taxa. While this may reflect the difference
in collection technique as percent mayflies are based on
the data from artificial substrates, whereas EPT taxa are
based on data collected from natural substrates, it may
also be due to differing sensitivities within the EPT guild.
This result, in combination with the response of the fish
community, implies that substrate degradation is a major
factor which limits aquatic communities at relatively low
levels of urbanization.

The relative abundance of omnivores tended to be high-
est at intermediate levels of urbanization when all sites in
the Cuyahoga Basin were included. This response was
due in part to enrichment by wastewater treatment plant
discharges and CSOs discharging to the Cuyahoga River
mainstem. No differences were detected for the subset of
streams with drainage areas less than 100 mi?, nor in the

Columbus area streams. However, the relative abundance
of insectivores was negatively correlated with increasing
urbanization in both study areas, suggesting a disruption
within the aquatic food web. Conversely, the proportion of
tolerant fishes was positively correlated with increasing
urbanization. The high proportion of tolerant fishes at the
highest levels of urbanization is indicative of both degraded
habitat and water quality, specifically toxicity and organic
enrichment. Collectively, these changes in biological com-
munities suggest a continuous negative response to in-
creasing urbanization starting with the loss of sensitive fish
and macroinvertebrate species at comparatively low lev-
els of urban development (<5% urban land use) due to
substrate degradation, disruption within the aquatic food
web at intermediate levels of development, and a response
to toxicity, organic enrichment, or both at higher levels of
development (>15% urban land use).

Overlaying impact types with percent urban land use
(Figure 4) demonstrates that the negative effects of ur-
banization and associated cofactors (e.g., imperviousness,
polluted runoff, altered hydrology) may be partially offset
by beneficial land use practices. Biological performance
at sites impacted by estate-type residential developments
remained comparatively intact and attained the ecoregion
biocriteria even at relatively high levels of urbanization (up
to 15%). The best performing sites within those watersheds
also had relatively intact stream habitat and well-vegetated,
wider riparian buffers. Conversely, sites with increasingly
modified habitats performed poorly and failed to attain the
biocriteria regardless of the degree of urbanization. The
most degraded sites were associated with either poorly
treated sewage, CSOs, and/or a high degree of urbaniza-
tion. These findings agree with those of Steedman (1988)
who demonstrated a co-relationship between riparian zone
quality and land use in terms of how each affected the fish
communities of Toronto area streams. Horner et al. (1997)
found the steepest rates of decline in biological function-
ing (in terms of the B-IBI; Kerans and Karr 1992) to occur
with increases in impervious cover of as little as 1-6% in
streams flowing into Puget Sound, Washington. Excep-
tions occurred where urban land use was mitigated by
extensive riparian protection or other management inter-
ventions, but these factors ceased to be effective above
45% as impervious land cover.

Unlike the Cuyahoga River basin, the Columbus area
streams were not subject to extensive CSO impacts and
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Figure 4.

Index of Biotic Integrity (IBI) scores from sites sampled in the Cuyahoga River basin plotted by stressor group (symbols) agains percent

of urban landuse for sites draining less than 100 mi2. The fitted regression lines are for all points and those lacking stressors other than
urbanization. The shaded areas indicate the applicable biological criterion and the range of insignificant departure.

industrial legacy pollutants were virtually absent. Conse-
quently, the threshold level of urbanization precluding at-
tainment of the biological criteria was higher for the Co-
lumbus area streams (Figure 5), results which are analo-
gous to that for sites influenced by the estate impact type
in the Cuyahoga River basin. In fact there were a few sites
with urban land use as high as 50% which fully attained
the ecoregional biocriterion. This suggests that the type of
urban development strongly influences the attainability of
aquatic life uses within a watershed. Furthermore, factors
such as impermeability and urbanization alone do not au-
tomatically disqualify streams from meeting designated
uses based on biological criteria.

Although housing density and percent urban land use
demonstrated a strong linear relationship (Figure 6), each
urban indicator showed somewhat differing results. The
percent of urban land use indicator, which is a more pre-
cise measure of urbanization and imperviousness, was
negatively correlated with biological community perfor-
mance. By comparison, the housing density indicator
showed a discrete threshold between the lowest quartile
and all others. The principal difference is that high-quality
sites were more frequently associated with the second
quartile of percent urban land use than for housing den-
sity, reflecting good IBI scores from relatively urbanized
subwatersheds containing large residential lot sizes and
more green space. Also, urban land use within successive
quartiles of housing density apparently becomes increas-
ingly mixed as inferred by increasing interquartile varia-

tion in percent urban land use (Figure 6). Higher levels of
housing density coincided with increased industrial, com-
mercial, and transportation related land uses. The differ-
ence in results by urban indicator underscores the impor-
tance of maintaining natural features within a watershed
including instream habitat, vegetated riparian buffers of
adequate width, and green space in addition to minimizing
and controlling chemical impacts from wastewater treat-
ment plants, CSOs, and other sources.

Implications for Use Attainability

Uses designated for specific water bodies are done so
with the expectation that the criteria associated with the
use are reasonably attainable. If CWA goal uses (e.qg.,
warmwater habitat in Ohio) are found to be unattainable,
lower uses may be established and assigned on a case-
by-case basis. Federal water quality regulations (40CFR
Part 131.10[g]) generally specify three criteria for setting
designated uses below “fishable/swimmable” standards as
follows: 1) imposition of the criteria for a higher use would
result in widespread, adverse socioeconomic impacts; 2)
the criteria are not attainable due to natural background
conditions; or 3) the criteria are not attainable due to irre-
trievable, anthropogenic impacts.

Compliance with the aquatic life uses defined in the Ohio
WQS are determined primarily by the biological criteria
(OAC 3745-1-07) which are stratified according to desig-
nated use, ecoregion, and stream size. As such this repre-
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Quality Gradient of Aquatic Life Uses and Narrative
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Figure 6.

Relationship between housing density and percent of urban land use cover for subwatersheds upstream from fish sampling locations in

the Cuyahoga River basin. The upper plot shows housing density as a function of percent urban landuse cover. The lower plot shows
distributions of percent urban land use cover within quartile levels of housing density per hectare.

sents a stratified system of uses and criteria that occur
along a gradient of biological integrity as expressed by the
biological indices which comprise the numerical biological
criteria (Figure 7). For most Ohio streams the “default”
expectation is attainment of the warmwater habitat (WWH)
use provided the physical habitat is relatively intact and no
extensive alterations are evident. Obvious anthropogenic
alterations to small urban streams such as culverting, re-
location, bank and channel stabilization with artificial struc-
tures, and extensive channelization are relatively easy to
identify and assess. In such cases, the Limited Resource
Waters (LRW) use designation is assigned which means
that the minimum level of protection (i.e., prevention of le-
thality) afforded by the Ohio WQS applies. The difficulty is
with small urban streams that exhibit adequate habitat (as
defined by the QHEI score), but which fail to attain the
WWH biocriteria. The recent finding that no urban head-
water stream sites in the Ohio EPA database attain the
WWH biocriteria (Yoder and Rankin 1997) only serves to
further the notion that the degree of watershed urbaniza-
tion can preclude the WWH use regardless of the site-
specific habitat quality.

Recently, the imperviousness of the watershed has been
used as an indicator which is correlated with use attain-
ability. If the frequently cited threshold of 25% imperme-
ability is used, streams in watersheds with greater than
this value would be unlikely to ever attain a beneficial use
regardless of site and reach factors. The results of our study
suggest that there is a threshold of watershed urbaniza-
tion beyond which attainment of the WWH use is increas-
ingly unlikely. However, this threshold is different among

watersheds as evidenced by the results from the Cuyahoga
Basin and Columbus area streams. Co-occurring factors
such as pollutant loadings, watershed development his-
tory, chemical stressors, and watershed scale influences
such as the quality of the riparian buffer and the mosaic of
different types of land use also greatly influence the bio-
logical quality in the receiving streams.

While the development of indicators of watershed ur-
banization has merit from a management and decision-
making standpoint, there are simply too many other fac-
tors, some of which are controllable and amenable to
remediation, to use it as a sole determinant for aquatic life
attainability. We suggest that the co-factors in addition to
urban watershed indicators be better developed and tested
using datasets from broader geographic areas and span-
ning the extremes of the urbanization gradient. One goal
should be to develop, if appropriate, an urban stream habi-
tat designation that would fit along the already existing hi-
erarchy of aquatic life use designations in Ohio (Figure 7).
We have indicated on Figure 7 where the biological crite-
ria for this potential new designation might occur compared
to the already existing hierarchy of aquatic life uses in the
Ohio WQS. However, placing it on the existing quality gra-
dient will require substantial calibration and validation with
existing datasets. Having this use would satisfy the desire
to afford streams with the maximum protection practicable,
while recognizing the inherent limitations that urbanization
imposes on stream quality.

In the meantime, simplistic regulatory and management
approaches should be limited, particularly in those water-
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sheds where uncertainty about the attainability of CWA goal
uses (i.e., WWH and higher) exists. For example, initial
approaches such as the nine minimum controls for CSOs
seem reasonable. However, proceeding beyond these re-
quirements with long-term control plans should be done
cautiously and with the aid of sufficiently robust before-
and-after biological and water quality assessments.

The results of our study also point out the benefits of a
regular, sustained, and robust state monitoring and assess-
ment effort (see also Yoder and Rankin 1998). Dealing with
complex water quality management issues such as CSOs,
stormwater, and TMDLs in urban watersheds would be
difficult at best within the confines of the traditional admin-
istrative approach to water quality management. Steedman
(1988) described multimetric biological indices like the IBI
and ICI as being based on simple, definable ecological
relationships which is quantitative as an ordinal, if not lin-
ear, measure and which responds in an intuitively correct
manner to known environmental gradients. Further, when
incorporated with mapping, monitoring, and modeling in-
formation, such an approach has been shown to be valu-
able in determining management and restoration require-
ments for warmwater streams (Steedman 1988; Bennet et
al., 1993). The value added by a robust bioassessment
and tiered use designation framework coupled with suffi-
ciently detailed and accurate GIS information was amply
demonstrated herein.
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Tampa Bay Environmental Monitoring Program

Robert C. Brown
Environmental Management Department
Manatee County, Florida

Significant damage to, and loss of natural habitats in
Tampa Bay can be traced to the uncontrolled development
and pollution that started in the 1950s. Although great
strides have been made over the last decade to reverse
this trend, many agreed that a bay management and res-
toration plan, including monitoring programs that would
evaluate bay conditions and progress, were needed.

The nomination and designation of the Tampa Bay Na-
tional Estuary Program (TBNEP) in 1990, provided the plat-
form to assist the community in developing a comprehen-
sive plan to protect and restore the bay.

The process for developing the master plan includes the
following components: identify and rank priority problems;
assess bay conditions and needs; establish specific goals
for the bay; develop management options; prepare the
Comprehensive Conservation and Management Plan
(CCMP); develop an implementing agreement among bay
partners; implement the plan; and monitor progress
(TBNEP 1996).

Methodologies for bay assessment, goal setting and
development of comprehensive monitoring strategies are
described. These methodologies could be useful to others
interested in evaluating environmental protection and res-
toration schemes for natural resources.

Program Organization and Goal Setting

Since there already existed strong local and regional
involvement in bay management, the TBNEP built on this
commitment through the creation of its governing struc-
ture which consisted of the following committees: Policy,
Management, Technical Advisory (TAC) and Community
Advisory (CAC). From the Program’s inception, the over-
all management goal was to protect and enhance the bay’s
natural resources. In support of this goal, the committees
were required to characterize the natural systems of the
bay and the impacts to these systems and define and imple-
ment actions to address those impacts. A Management
Conference, with participation from all committees and
stakeholders, was convened to identify priority bay issues.
The following priority problems were identified by the Policy
Committee in March 1991(TBNEP 1996):

*Water quality deterioration/eutrophication
*Reduction/alteration of living resources
eLack of community awareness

eIncreased user conflicts and impacts from various rec-
reational activities, industrial and navigation needs, and
urban development

eLack of agency coordination and response
Lack of circulation and flushing
*Hazardous/toxic contamination

Traditionally, monitoring and evaluating water quality
conditions within a watershed are used to measure water-
shed health and productivity. Vigorous bay monitoring and
management activities were being conducted by the time
the TBNEP began in 1991; however, many of these activi-
ties focused on individual components and/or processes
of the bay (Greening 1998). It was necessary to organize
the information, coordinate bay managers’ and stakehold-
ers’ participation and evaluate how these individual activi-
ties could be integrated to establish bay ecosystem man-
agement.

Quantifiable Restoration and Protection
Goals

In keeping with the overall goal of protecting and restor-
ing the bay’s natural resources, the TAC worked to define
species or biological communities which could be used as
“indicators” of functioning bay ecosystems. The significant
loss of submerged aquatic vegetative (“seagrass”) habitat
stood out as the premier concern of bay managers, scien-
tists and concerned public. This habitat is crucial for many
invertebrates and fish and provides for sediment stabiliza-
tion (Busby and Virstein 1993). If quantifiable seagrass
restoration goals and management strategies could be
developed and implemented, it would be feasible to de-
velop similar procedures for restoring other targeted habi-
tats and natural resources.

Quantitative targets for the restoration and protection of
seagrass habitat, as well as emergent habitats, were ap-
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proved at a Management Conference in 1993. The ap-
proach to habitat restoration and protection was as fol-
lows (Janicki et al., 1994):

1. Map the historic living resource distribution during a
benchmark time period.

2. Map the existing distribution of these living resources.

3. Overlay the historical and existing distributions to de-
fine potential restoration and protection targets.

4. Subtract physically altered (non-restorable) areas to
identify restoration targets.

Seagrass Restoration and Protection Goals

Utilizing the approach described above, it was deter-
mined that the benchmark for establishing seagrass pro-
tection and restoration goals would be the period circa
1950. This era was chosen because the area was begin-
ning to experience explosive growth and the major devel-
opment alterations were not yet complete. Additionally,
comparable habitat data were not available before 1950
(NUS Corp. 1986).

Using aerial photography coupled with the Arc/Info GIS
system, it was determined that the extent of seagrass cov-
erage in 1950 (not including areas that were irrevocably
altered by 1990) was estimated to be 40,400 acres (NUS
Corp. 1986). In 1990, Ries (1993) estimated the seagrass
habitat coverage to be approximately 25,200 acres. Hav-
ing already factored the physical losses due to dredge and
fill activities, the remaining losses were most likely caused
by degraded water quality conditions (Janicki et al., 1994).
Recent investigations suggest that the loss of seagrass
meadows can be attributed to lack of sufficient sunlight
because of attenuation by excess phytoplankton, sus-
pended solids and epiphytic algal growth (Morris and
Tomasko 1993; Tomasko 1993; and Stevenson et al.,
1993). Excessive algal concentrations or eutrophic condi-
tions are predominantly caused by excessive nutrient (e.g.,
nitrogen and phosphorous) loading.

Acreage goals for seagrass restoration and protection
were developed by overlaying the 1950, 1990 and non-
restorable acreage data sets. Seagrass areas observed in
1990 were designated as seagrass protection areas. All
areas in which seagrasses were mapped in 1950, but which
did not support seagrass in 1990 and were not classified
as non-restorable, were identified as seagrass restoration
areas (Greening 1998). Based on a review of the data
sources, method evaluation and uncertainty in estimating
the 1950 coverage, the Management Committee agreed
to adopt a minimum seagrass restoration goal of 38,000
acres bay-wide. This goal includes protection of an exist-
ing 25,650 acres and restoration of 12,350 additional acres.

Development of Intermediate Targets

Assessing bay management success via living resource
goals is considerably more difficult than using traditional

water quality criteria because it takes much longer to real-
ize results. It is not too difficult to evaluate annual water
quality trend response to management actions. It has been
demonstrated, however, that seagrass quality and quan-
tity improvements may not be observed for decades after
a management action is implemented (Johansson and Ries
1997). To ensure that correct management actions were
being implemented and bay water quality improvements
would lead to the achievement of the seagrass restoration
and protection goal, it was necessary to establish interme-
diate targets so that more timely evaluations and manage-
ment adjustments could be made if necessary.

In the Tampa Bay area it has been demonstrated that
seagrass health and distribution are adversely affected by
incident sunlight being attenuated within the water column
by elevated suspended solids or phytoplankton concen-
trations (Lewis et al., 1985; Lewis et al., 1991). If seagrass
does not receive adequate light, plant maintenance and
reproduction are inhibited (Janicki et al., 1994).

For the purpose of determining the relationship between
nutrient loadings to the bay and adequate water quality to
support the seagrass restoration target, a two-pronged
modeling approach was developed. The first was a series
of empirical regression-based models to estimate exter-
nal nutrient loadings consistent with the proposed seagrass
enhancements (Janicki and Wade 1996), and the second
was a WASP-based box model which provided a process-
oriented examination of relationships between nutrient
loadings, chlorophyll a concentration and light attenuation
(Martin et al., 1996; Morrison et al., 1997).

Both the empirical and mechanistic models produced
similar results, suggesting that acceptable nutrient man-
agement targets could be developed. The critical relation-
ships that were established were external nitrogen (limit-
ing nutrient) loads and resulting chlorophyll a concentra-
tions; chlorophyll a concentrations and density of phy-
toplankton in the water column; and chlorophyll a concen-
trations and light levels at the deep edges of historic
seagrass beds.

Since the estuary is about 1,031 km? (398 mi?) with vary-
ing land uses, fresh water inflow, nutrient loadings and cir-
culation patterns, it was decided that the best way to man-
age this system was to partition or segment according to
similar conditions. The segmentation scheme defined by
Lewis and Whitman (1985) was adopted to establish the
official management subdivisions of the bay (Figure 1).

Following numerous scientific workshops, the TAC and
Management Committee adopted chlorophyll a targets
necessary to maintain water clarity needed for seagrass
growth for each bay segment. The adopted segment-spe-
cific annual average chlorophyll a targets (8.5 ug/l for Old
Tampa Bay; 12.3 ug/l for Hillsborough Bay; 7.4 ug/l for
Middle Tampa Bay; and 4.6 ug/l for Lower Tampa Bay) will
be used as indicators for evaluating water quality condi-
tions necessary to meet long-term seagrass restoration
and protection goals.
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Nitrogen Management Strategy

Based on light conditions observed during a present day
period (1992-1994), it was determined that water quality
conditions were adequate to support the long-term
seagrass restoration goals; therefore, a nitrogen loading
“hold-the-line” strategy was adopted (Janicki and Wade
1996). This means that if the nitrogen loads observed dur-
ing the period 1992-1994 remained constant into the fu-
ture, it would be possible to achieve the seagrass restora-
tion goal. However, it is estimated that by the year 2010,
the watershed will experience a 20% increase in popula-
tion and approximately a 7% increase in annual nitrogen
loading (Zarbock et al., 1996).

In lieu of developing stringent future nitrogen load re-
duction allocations, local governments and agency part-
ners in the TBNEP developed an unprecedented interlocal
agreement (Memorandum of Understanding for the Fed-
eral agencies) pledging the development and implemen-
tation of action plans that will defer or reduce future nitro-
gen loadings, thereby maintaining the “hold-the-line” com-
mitment.

Monitoring and Reporting

The process for developing monitoring strategies for this
program was as unique as that used in developing the
living resource goals. There were many monitoring activi-
ties ongoing when the TBNEP program was established,
but these activities were localized and designed for spe-
cific needs.

The first task was to evaluate all of the different monitor-
ing programs being conducted for Tampa Bay to deter-
mine whether they would meet the monitoring criteria for
National Estuary Programs (USEPA 1991). Their criteria
include: “measuring the effectiveness of management ac-
tions and programs implemented under the CCMP and
providing essential information that can be used to redi-
rect and refocus the management plan.” Additionally, a
1992 monitoring workshop recommended four additional
monitoring objectives (Versar 1992):

» To estimate the areal extent, and temporal trends in
areal extent, of habitat conditions in Tampa Bay not
meeting living resource requirements

* To assess the relative abundance and condition of fish
populations of Tampa Bay over time

 To estimate the areal extent and quality of seagrass,
mangroves, and coastal marshes in Tampa Bay over
time and

« To estimate the areal extent and trends in areal extent
of oligohaline habitat in Tampa Bay and its tributaries

To accomplish most of these monitoring objectives, it
was decided that a probability-based sampling design be
developed that would allow statistically valid, unbiased es-
timates of abundance and areal extent of key indicator spe-

cies on a bay-segment and bay-wide basis. The chosen
design was based on the U.S. Environmental Protection
Agency’s (USEPA) Environmental Monitoring and Assess-
ment Program (EMAP) (Versar 1992). Since most of the
existing monitoring activities were biased, fixed station
designs, modifications to these programs were necessary.

In order to prepare and implement the new monitoring
strategies, the local and regional agencies responsible for
sample analyses and data reporting created a coalition
known as the Florida West Coast Regional Ambient Moni-
toring Program (“RAMP”). RAMP participants meet regu-
larly for the purpose of standardizing methodologies, evalu-
ating quality assurance between laboratories, and coordi-
nating field sampling strategies. These coordinated activi-
ties have 1) allowed the local agencies to develop exper-
tise in areas other than general water quality monitoring
(e.g., benthic and seagrass monitoring); 2) economized
resources by linking bay areas and programs instead of
creating overlap; and 3) allowed utilization of the existing
EMAP probabilistic design to build monitoring programs
required by other regulations (i.e., NPDES stormwater).

Another very important component of the monitoring
strategy is reporting. The monitoring design described has
both short- and long-term targets and goals. In order to
provide bay resource managers timely information, the
TBNEP, with assistance from state, regional and local sci-
entists conducting monitoring and research, will prepare a
biennial Tampa Bay Environmental Monitoring Report. The
information provided in these reports is intended to pro-
vide decision makers timely access to information critical
for successful restoration and protection of Tampa Bay’s
living resources.

Conclusions

The restoration and protection strategies designed for
Tampa Bay by local, regional, state and federal participants
epitomize coordinated ecosystem management. The de-
velopment of resource-based targets, as defined by the
environmental requirements of critical living resources, is
difficult but essential for maintaining the health and pro-
ductivity of critical habitats.

The real key to successes experienced in Tampa Bay is
the concerted effort put forth by agency personnel, elected
officials and concerned members of the public in dealing
with difficult, complex issues and making critical manage-
ment decisions. These accomplishments were possible be-
cause participants possessed dedication and commitment
to restoring and protecting the living resources of Tampa
Bay.
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Abstract

Soil bioengineering retrofits have been used to meet
specific objectives, such as flood control, stormwater man-
agement, bank stabilization, aesthetics and habitat en-
hancement. In response to increasing environmental con-
cerns, soil bioengineering systems using woody vegeta-
tion provide streambank protection in urban waters while
maximizing ecological and water quality benefits in urban
waters. Retrofit opportunities to restore incised and en-
larged channels as well as those that have been relocated
and/or straightened are discussed in this paper.

Case studies are presented to illustrate the use of this
technology on several projects where geotechnical, hydro-
logic/hydraulic, and environmental objectives needed to
be met. These included a flood control stream in an urban
linear park in Charlotte, North Carolina; a relocated stream
in Portland, Oregon; a flood control channel through a resi-
dential neighborhood in Houston, Texas; and an erosion
and flood control stream restoration project in a residential
neighborhood in Wilmington, North Carolina. Information
is presented for evaluating alternative soil bioengineering
streambank protection measures and selecting those that
best achieve the desired goals

Introduction

Nonpoint source impacts on urban streams and adja-
cent lands have become increasingly damaging in many
U.S. metropolitan areas, especially where streams have
been straightened or relocated. Straightening of urban
streams is often done to consolidate land for development,
or to bypass lakes or public parklands. Uncontrolled
stormwater runoff is also a significant contributor to the
erosion of channel beds and banks of urban streams. The
increased frequency and magnitude of these flows and
their associated velocities results in stream damage and
loss of valuable land.

Stream power is proportional to the product of discharge
and slope. Both variables are increased when streams are
straightened during development and subjected to in-
creased discharges. Stormwater detention is a relatively

recent concept, and most of the subdivisions and com-
mercial sites developed during the 1960s and 1970s have
no stormwater detention facilities (Nunnally and Sotir 1997).

Traditional land “repackaging” for convenience and short-
term resale ignore not only the sediment transport that
occurs during the construction phase and long-term chan-
nel stabilization problems; they also ignore water quality,
aesthetic values and a host of environmental benefits in-
cluding aquatic and terrestrial habitat. The opportunity of
retrofit recovery through the use of soil bioengineering is
discussed in this paper using case studies.

Geotechnical, Hydraulic and Hydrologic
Benefits of Soil Bioengineering

Soil bioengineering methods offer a broad range of me-
chanical benefits when installed as retrofits to damaged
urban stream systems (Table 1). Geotechnically, they of-
fer immediate soil reinforcement up to a depth of 12 feet.
The use of brushlayers with natural or synthetic geogrids,
is especially useful where space is constrained, as these
methods may be constructed on very steep slopes (1H to
1V; in some cases as steep as .25H to 1V). Installed veg-
etation offers many hydrologic values in that the embed-
ded branches serve as horizontal drains converting paral-
lel seepage flow to vertical flow, thus offering improved
overall slope stability. Surface protection and reinforcement
is further increased when live branches develop roots and
top growth. The roots tend to consolidate the soil particles
by reinforcing the soil mantle, reducing the possibility of
slips and displacements. The top leaf and branch growth
provides direct bank protection and reduces velocities while
redirecting the flow away from the bank.

Environmental Benefits of Soil
Bioengineering

Soil bioengineering offers a variety of environmentally
sound retrofit opportunities for urban waterways. The main
benefits of different methods have been summarized in
Table 2. They may serve as a useful guide in the selection
of specific vegetative methods. Soil bioengineering sys-
tems that use live siltation construction or create scour
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Table 1. Soil Bioengineering System Geotechnical and Hydraulic Goals and Benefits

Soil Bioengineering Methods

Live
Goals Siltation
and *Live Live Construc- Branch- Brush- Live Vegetated Live
Benefits Stakes Fascine tion packing mattress Cribwalls Geogrid Boom(s)
Geotechnical fair good to n/a good n/a excellent excellent n/a
very good

Hydraulic fair to good to very good excellent very good good to good fair to

good very good to excellent very good good
*After established (1 year).
Table 2. Environmental Benefits of Soil Bioengineering Streambank Restoration Systems

Soil Bioengineering Methods
Goals
and Vegetated Live Live Live Siltation Brush- Live Live
Benefits Geogrid Cribwall Boom Construction mattress Fascine Stake
Shade and excellent excellent very good excellent good to good fair
very good to good
Create or
Preserve Scour  good very good excellent n/a n/a n/a n/a
Riparian fair to fair to n/a very good to excellent good to fair
Habitat good good excellent very good to good
*Recreation very good very good n/a good to good to good fair
very good very good

*V/isual perspective

holes using live booms (dikes composed of woody veg-
etation and soil) are excellent choices as part of a bank
protection system where shade and overhanging cover or
pool habitat is desirable (Sotir 1997c). The habitat for mam-
mals and birds will improve over time in such areas for
nesting, migration and cover.

In addition to the selection and orientation of methods,
the choice of woody vegetation species in soil bioengineer-
ing systems can also have a significant effect on the habi-
tat benefits. Various species of willow are the most com-
monly used woody plants because of their excellent root-
ing capabilities, good overhanging cover and shade, good
nesting habitat for some species of birds, and some cover
for mammals, other species offer better food sources for
land animals. Soil bioengineering designs incorporate
plants that provide the best habitat benefits for target spe-
cies (Sotir 1997c).

Johnson Creek Relocation and Restoration

Johnson Creek is located in a highly urbanized area of
Portland (Oregon), with land uses ranging from heavy in-
dustry to low-density residential. It is a third-order stream
with a 100-year discharge at the project site of about 4,400
cfs. Flood control efforts during the 1930s enlarged, but
did not straighten the stream. A survey of Johnson Creek

revealed that with few exceptions, streambanks are stable,
heavily vegetated, and provide excellent riparian habitat
and overhanging cover for the stream.

The Oregon Department of Transportation (ODOT) pro-
posed relocating a section of Johnson Creek in the Town
of Milwaukie for bridge and highway construction (Figure
1). The relocated section would be about 20% shorter than
the existing channel with a commensurate increase in gra-
dient. The Johnson Creek Corridor Committee, created
because of concerns over degraded water quality and
aguatic habitat and with an interest in restoring an anadro-
mous fishery, was worried about potential impacts of the
stream relocation. The relocated stream reach is in a highly
visible location, and the riprap channel proposed by ODOT
would present a stark, sterile appearance and cause fur-
ther loss of habitat and aesthetic value.

Robbin B. Sotir & Associates, Inc. (RBSA) was retained
by ODOT to evaluate the proposed channel design for sta-
bility and for potential impacts to aquatic and riparian eco-
systems and to modify the design as needed to address
the concerns voiced by the Johnson Creek Corridor Com-
mittee. The review determined that the proposed trapezoi-
dal channel cross-section shape and gradient were too
uniform and that the floodplain berms were too high. RBSA
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Figure 1. Johnson Creek after realignment activities.

recommended changes to the channel to improve stabil-
ity, water quality, and habitat value (Sotir and Nunnally
1995). The channel cross-section was altered by lowering
floodplain berms, incorporating a sub-channel to convey
bank overflows, and constructing a low-flow channel to
concentrate flows during the summer months. A pool-riffle
sequence was created by widening the sub-channel and
raising the invert by one foot in cross-over reaches and
lowering the invert by one foot in outside meander sec-
tions.

Streambanks were riprapped to the ordinary high-water
elevation in the outside bends. Banks above were soil
bioengineered, using vegetated geogrids. Siltation con-
structions using live materials were installed on the lowest
floodplain berm adjacent to the sub-channel to provide
cover for waterfowl and overhanging cover for fish. The
upper bank was protected with brushmattress.

The soil bioengineering systems were installed in the
winter of 1993 and spring of 1994. During the early spring
and before the plants had established growth, the site ex-
perienced a 1,750 cfs flood with mean velocities of 6-7-
feet-per-second and maximum velocities estimated in ex-
cess of 10-feet-per-second. The soil bioengineering sys-
tems were secure, and by the end of the growing season
they were providing excellent bank protection and habitat
benefits (Figure 2).

Buffalo Bayou Bank Stabilization and
Aesthetic Improvement

Buffalo Bayou upstream of Sheperd Drive is the only
stream of any size in Houston (Texas) that has not been
channelized for flood controls. The watershed of Buffalo
Bayou is almost totally urbanized, and Addicks Reservoir

was constructed upstream to alleviate flooding. The com-
bination of natural flooding and operation of the flood gates
at Addicks results in abrupt rise and fall of the water level
in the bayou coupled with prolonged periods of both high-
and low-water levels. These hydrologic conditions, com-
bined with sandy and silty soils with little cohesion, have
resulted in widespread erosion and large streambank fail-
ures.

Several soil bioengineering streambank protection
projects were built on Buffalo Bayou between 1990 and
1995 (Nunnally and Sotir 1995; Gray and Sotir 1996). The
1990 sites survived one of the largest floods of record in
1992 without damage. The installation described here was
constructed in 1992-93 following that flood.

The project site, located in an outside bend, is 280 feet
long and its height varies from 25-35 feet. Due to the re-
ceding bank, over 20 feet of land had been lost (Figure 3).
The bank recession was caused by a combination of mass
slope failure and streambank erosion. The instability of the
steepened slope was aggravated by the presence of fine
sands and seepage of 200-2,000 gallons per day from the
bank face. While the main goal for this project was to sta-
bilize the bank and stop the erosion, the client was also
interested in the restoration of the riparian zone, aesthetic
improvements, and the ability to maintain a view to the
Bayou.

To achieve long-term bank stabilization, a foundation of
wrapped concrete rubble was installed in a 7-foot deep
toe trench. Afill slope with a grade of 0.5 H:1V was recon-
structed above this foundation. The fill was constructed in
2-foot lifts wrapped with a geogrid. Thick layers of brush
long enough to extend from the undisturbed soil at the back
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Figure 2. Johnson Creek four years after construction.

Figure 3. Buffalo Bayou erosional failure after a flood event.
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of the bench and protrude several feet beyond the slope
face were placed between each wrapped soil layer. The
overall constructed height was 42 feet with the upper half
being at 0.25H:1V. Because continued seepage would have
substantially reduced the safety factor, it was necessary
to install vertical chimney drain construction to conduct the
water into a gravel trench drain that discharged into the
bayou. Since construction, the site has experienced sev-
eral floods and has remained stable; meanwhile, the in-
stallation is developing into a dense riparian buffer of na-
tive and naturalized species (Figure 4).

Little Sugar Creek Stabilization, Habitat
Restoration & Flood Control

This 4,650-foot section of Little Sugar Creek is in the
Huntington Farms Park area in the City of Charlotte (North
Carolina). This linear park, located along the creek in a
predominately residential neighborhood, is owned by the
City of Charlotte and maintained by Mecklenburg County
Storm Water Services.

Like most other streams in Charlotte, Little Sugar Creek
was channelized to improve drainage in the early 1900s,
and it has been dredged and snagged several times since
then, often leaving the channel without any vegetative
cover. The stream drains much of eastern and central
Charlotte, and the watershed is highly urbanized. The fre-
quent flooding and high peak discharges caused signifi-
cant bank erosion and channel enlargement. The immedi-
ate area had also been used as a constructed landfill in

the past. At several locations, bank erosion had uncov-
ered construction debris burial sites containing tree trunks,
waste construction materials, and miscellaneous organics
(Figure 5).

An interdisciplinary team with expertise in hydrology,
surveying, geotechnical and aquatic science, fluvial geo-
morphology, and soil bioengineering was assembled to
develop a restoration and stabilization project. Goals in-
cluded: bank stability, erosion protection, aquatic habitat
enhancement, water quality and aesthetic improvement,
community education and economic savings.

Design and cost information studies were initiated in April
1996. Erosional bank failures along the creek were evalu-
ated, typed and matched with appropriate solutions. From
this, final plan and specification documents were prepared.
Initially, riprap rock was reduced or completely eliminated
along the toe. This dramatically reduced the project costs.
Soil bioengineering methods such as live fascines and
brushmattress were employed in different configurations
along the banks. Construction was completed in March
1997. Four months after installation, Little Sugar Creek
experienced a flood that exceeded the 100-year event. The
project sustained no damage. While this project is a very
new installation, it has become well-vegetated, offering
enhanced riparian benefits, overhanging cover, aesthetic
improvements and bank stability (Figure 6). The instream
habitat structures (current deflectors and rocks) have also
been performing well, producing a variety of scour hole
cover and resting areas for fish.

Figure 4.

Buffalo Bayou five years after construction.
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Figure 5.  Little Sugar Creek erosion failures before construction.

Figure 6. Little Sugar Creek in the first growing season after construction.
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Long Leaf Hills/Hewletts Creek
Stabilization, Aesthetic and Habitat
Enhancement

This stretch of Long Leaf Creek is located in a residen-
tial neighborhood in Wilmington (North Carolina) known
as Long Leaf Hills Subdivision. Increased stormwater run-
off due to urbanization of the watershed and frequent flood-
ing in the lower section have caused significant bank ero-
sion and channel enlargement. Bank seepage and uncon-
trolled overbank runoff also contributed to bank failure (Fig-
ure 7 and 8). The creek has been used as a dump site for
organic garden debris which kills the bank vegetation and
has worsened erosion. Public meetings focused commu-
nity concern on existing conditions and spurred interest in
stabilization and restoration based on ways that residents
wanted to use and enjoy the creek in the future.

Kimley-Horn & Associates, Inc., the prime consultant,
and Robbin B. Sotir & Associates, Inc. prepared six con-
ceptual alternatives which included a simple intermediate
action for cleanup and stabilization, grass, riprap rock and
concrete liners, box convert, and soil bioengineering. Al-

. .‘i&
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Figure 7. Hills/Hewletts Creek/Long Leaf failure conditions

ternatives were matched against 11 critical issues (Table
3). Soil bioengineering was selected by the neighborhood
as it fulfilled all the criteria. The project is currently in the
final design stages. Construction is scheduled to start in
the fall of 1998 and is expected to be completed by late
winter of 1999. Monitoring will be performed after construc-
tion to evaluate the stabilization and restoration develop-
ment of Long Leaf Hills/Hewletts Creek (Sotir 1997a).

Summary

Urban water restoration and stabilization projects involve
multiple objectives. In addition to controlling erosion in a
cost-effective manner, we are increasingly concerned with
water quality, habitat, aesthetics, recreational use and other
environmental objectives. Soil bioengineering designs that
employ woody vegetation meet these environmental ob-
jectives better than other types of streambank protection,
especially when integrated with other technology. The suc-
cessful retrofit applications of soil bioengineering on ur-
ban waters discussed in this paper indicate that this ap-
proach to stabilization and restoration is successful.
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Figure 8. Long Leaf/Hills/Hewletts Creek failure conditions

Table 3. Long Leaf Hills/Hewletts Creek Alternatives and Critical Issues

ALT. #2 ALT. #3 ALT. #4
3:1 Side 2:1 Side 2:1 Side ALT. #5
ALT. #1 Slopes Slopes Slopes Reinforced ALT. #6
Intermediate Grass Riprap Concrete Box Soil

Critical Issues Action Lining Rock Lining Convert Bioengineering
Stop Erosion & Stabilize * * * n/a *
Banks
Clean Out Trash & Debris * * * * * *
Remove Fallen Trees * * * * * *
Safer & Healthier Area * *
Control Flooding * * * * *
Timely Project Completion * * * * * *
Environmental Improvement * * *
Aesthetically Enhancing * n/a *
Meets Bank Stability & Hydraulic * * n/a *
Efficiency
Minimize Property Loss * * *
Financial Feasibility * * * * * *

Adapted from: Kimley-Horn & Associates (Sotir 1997a)
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Restoration of the Waukegan River
Through Biotechnical Means

Scott Tomkins
Illinois Environmental Protection Agency

Don Roseboom
lllinois State Water Survey
lllinois Department of Natural Resources
Peoria, lllinois

Introduction

Many urban lllinois streams have been degraded as a
result of streambank erosion, increased urban runoff, and
increased channelization. Biotechnical stream stabilization
techniques (BSST - Structures added to vegetation) were
implemented on the Waukegan River to reduce the sedi-
ment load discharge to Lake Michigan originating from the
river's eroded streambanks. The Waukegan River is lo-
cated 30 miles northwest of Chicago, lllinois, in the City of
Waukegan, lllinois (Figure 1). Best management practices
(BMPs) were implemented on the Waukegan River in
Washington Park and Powell Park, located in Waukegan.
The Waukegan River Restoration Project was created to
demonstrate whether the biotechnical techniques utilized

Waukegan

/7

11 1

£
i/

Figure 1. Waukegan River restoration project Section 319 National

Monitoring Project.

were an effective means of resolving streambank erosion.
The project was funded in part, by the United States Envi-
ronmental Protection Agency (U.S. EPA), under the Sec-
tion 319 Nonpoint Pollution Program of the Clean Water
Act.

At the selected severely eroded streambank sites, BSSTs
were a more cost-effective and environmentally sensitive
means of reducing nonpoint source (NPS) pollution than
traditional approaches (i.e., rip rap, concrete lining).

Biotechnical Designs

Installation of the first BSST occurred on the North
Branch of the Waukegan River in Powell Park and in Wash-
ington Park during the fall of 1991. Lunkers and A-Jack
structures were installed in Powell Park, while lunkers with
stone were installed in Washington Park (Figure 2). On
the two lunkers installations, vegetation (willows, dog-
woods, grasses, and other wetlands plants) were placed
into the lower, middle, and upper zones of the lunkers struc-
tures. The structures utilized were chosen to enhance in-
stream habitat and provide a structural base for riparian
revegetation of the bank. Advantages and disadvantages
of using lunkers with vegetation are listed in Table 1.

The next installations of BSSTs were on the South Branch
of the Waukegan River, in the fall of 1994, to control se-
verely eroded streambanks in Washington Park. To ad-
dress these eroded streambanks, lunkers, stone, dog-
woods, willows, and grasses were installed. Other BSSTs
that included coir coconut fiber rolls, willows, and grasses
were implemented to treat specific small streambank ero-
sion sites on the South Branch.

In the winter of 1996, seven low stone weirs (LSWSs)
formed by granite boulders were installed to create a se-
ries of pool/riffle sequences to enhance in-stream habitat
on the Waukegan River. These LSWSs were constructed to
help resolve a lack of water depth, limited cobble sub-
strates, and limited stream aeration in order to enhance
the aquatic community in the Waukegan River at Wash-
ington Park.
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Lunker Installation Design

A-Jack Design and Installation

Figure 2. Biotechnical designs.

Table 1. Advantages and Disadvantages of Using Lunkers with
Vegetation.

Advantages Disadvantages

A. Provides greater public access
to stream.

During first year, maintenance
and revegetation are critical to
project stability.

Labor for lunker construction
and installation is greater
than riprap bank protection.

B. Appearance of a natural stream
functioning in an urban par is
more appealling to the public.

C. Lower cost of installation.

D. Greater fishery benefits by
increasing aquatic habitat
for gamefish.

E. Maintenance operation require-
ments are revegetation, not
construction activities.

Monitoring

The lllinois EPA and the lllinois Department of Natural
Resources are jointly monitoring the effectiveness of the
biotechnical streambank techniques implemented on the

Waukegan River. The U.S. EPA's National Monitoring Pro-
gram (NMP) documents environmental benefits resulting
from the BMPs implemented on the Waukegan River.

On the South Branch of the Waukegan River, protocols
of the NMP were followed to detail the response of the
stream fishery, the macroinvertebrate populations, and the
in-stream physical habitat. The environmental quality of
these three monitoring areas were evaluated utilizing the
Index of Biological Integrity (IBI) for fisheries, the
Macroinvertebrate Biotic Index (MBI) for benthic organisms,
and the Potential Index of Biologic Integrity (PIBI) for in-
stream habitat.

The monitoring plan divided the South Branch of the
Waukegan River stream reach (Figure 3) into an upstream
control (S2) and a downstream bank erosion site (S1) for
biotechnical stabilization and in-stream habitat enhance-
ment. This reach was chosen because no large ravine
system transported urban runoff onto the stream between
S1 and S2.

Between 1994 and 1997, the Waukegan River was moni-
tored three times per year, once each in the spring, sum-
mer, and fall seasons. The monitoring activity documented
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Figure 3.

aguatic resources for one year before and one year after
the biotechnical streambank stabilization and in-stream
habitat enhancements were implemented. After the BSST
application, the number of game fish species observed at
S1 increased from four to five (Table 2). Following pool/
riffle construction in 1996, the number of S1 game fish
species increased to nine. Increased numbers of game
fish and pollution intolerant fish species following the addi-
tion of the pool/riffle stream reach resulted in the IBI in-
creasing from 26 to 35 (Table 3). The average number of
fish sampled at S1 increased from 37 to 191 following

(5 O
! o [
1

=

Map showing placement of erosion control techniques in the Waukegan River.

lunker habitat enhancement and increased further, to 225,
with the addition of the pool/riffle series. The upstream con-
trol (S2) remained a limited aquatic resource during the
study period, with only 1-2 species present and an IBI of
28 or less during the entire monitoring period (Table 3).
The average number of fish sampled at S2 varied between
16 and 69.

In 1996, the MBI indicated poor water quality at S2, with
a value of 8.3 (Table 3), but better water quality at the S1
pool/riffle site, which remained in the non-limited classifi-
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Table 2. Comparison of the Fish Species and Abundance for S1 and S2, for 1994 to 1996

1994 1995 1996
S1 S2 S1 S2 S1 S2
Lunkers Riffles
Fish Species and Abundance
Game Fish
Coho 2
Bluegill 9
Largemouth bass 1 12
Longnose dace 44
Mottled sculpin 4 2
Fathead minnow 4 2 64 4 16
Creek chub 1 8 8
Golden shiner 1 2 17 2
White sucker 24 7 28
Pollutant Intolerant Fish
Black bullhead 3
Green sunfish 8
Mosquito fish 27 13 20 4 2 1
Goldfish 1 1
Brook stickleback 1 1
Ninespine stickleback 1 3
Threespine stickleback 1 53 54 84 15
No. of species 8 3 8 4 16 2
Abundance of fish 37 17 191 69 225 16
Table 3. Comparison of the Mean Station Values of the Indices for S1 tion techniques of lunkers make them relatively easy to
and S2, for 1994 to 1996 use by volunteer citizens’ groups. The relative costs of a
1994 1995 1996 rectangular concrete channel design, a riprap channel, a
s1 s2 s1 S2 s1 S2 tri-lock channel, and lunker applications with vegetative
Lunkers Riffles stabilization can be estimated. The cost of a concrete cul-
vert would include more design engineering support to
1Bl 25.82 22.18 2533 26.00  34.67 28.00  determine possible offsite flooding effects. The design
MBI 6.64 7.26 6.26 631 6.99 8.26  channelis 10 ft deep, 25 ft wide, and 300 ft long. The con-
PIBI 41.51 41.93  41.93 4179  41.34 41.65

cation with a value of 7.0, even with the same stream wa-
ters as S2. The MBI indicates that water quality did not
limit or degrade aquatic resources in 1994 or 1995 (Table
3).

Physical habitat evaluations found deeper pools at the
S1 station, while the S2 site remained very shallow. The
LSWs were designed to transport bedload and scour pools
during high flow events. PIBI scores remained constant
for all three years and for both the S1 and S2 sites, how-
ever, ranging between 41 and 42 (Table 3). The PIBI scores
are predicated on the absence of claypan or silt-mud sub-
strates, the percentage of pools, and stream width. The
S1 and S2 physical habitat had very little or no claypan
substrate initially, which limited the expected change in
PIBI.

A price comparison of the various types of bank stabili-
zation are given in Table 4. The construction and installa-

crete channel would have a wall thickness of 10 inches.

This project demonstrated that BSSTs can be effective
for reducing streambank erosion, by enhancing bank sta-
bility, and improving in-stream habitats. Incorporation of
LSWs that created a pool/riffle series added to the in-stream
physical diversity and resulting increased biodiversity. The
project also demonstrated that LSWs are effective in in-
creasing water aeration.

Streambank restoration is only one important step in im-
proving the diversity of fish communities. LSWSs provide
additional pool depth and in-stream stone habitat neces-
sary for higher quality fish communities in urban streams.

Table 4. Cost Per Foot of Various Applications

1. Lunker with vegetation
2. Riprap with geofabric
3. Tri-lock Channel

4. Concrete Channel

$27 per linear ft
$52 per linear ft
$165 per linear ft
$750 per linear ft
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Monitoring the Effectiveness of Urban Retrofit
BMPs and Stream Restoration

John Galliz
Metropolitan Washington Council of Governments
District of Columbia

As a part of a larger Anacostia watershed restoration
initiative, efforts have been underway since 1988 to re-
store Upper Sligo Creek. Over the past eight years, more
than $2.0 million dollars have been spent on the restora-
tion of Upper Sligo Creek and its environs. Upper Sligo
Creek is a degraded, third order, urban Piedmont stream
which flows through Montgomery County, Maryland. The
general restoration strategy has featured the comprehen-
sive employment of stormwater retrofits, instream habitat
restoration, riparian reforestation, wetland construction and
restoration, and native fish and amphibian reintroductions.
Extended detention wet pond/marsh systems were em-
ployed on the basis of their ability to reduce pollutant loads
and channel erosion and to create additional wildlife habi-
tat. A prototype parallel pipe storm drain system was addi-
tionally used to divert first-flush stormflows away from an
important feeder stream. Last, a wide variety of instream
habitat enhancement structures such as rootwads, stone
wing deflectors, boulder placement, log drop structures,
etc. were employed. Restoration work was performed in
Phase | and Il of the three-phase project which covered the
1990-95 period. Biomonitoring of fish and macroinvertebrates
was conducted before, during and after each construction
phase. Physical habitat, hydrological and chemical condi-
tions were monitored in Phase Ill. The number of estab-
lished fish species residing in Upper Sligo Creek has risen
from three species in 1988 to approximately 12 in 1997.
Monitoring results were used to determine general retrofit
effectiveness, adjust fish stocking strategies, document
recruitment success and critique the overall effort.

Introduction

Attempts to restore the once highly degraded Upper Sligo
Creek stream system exemplify the basic subwatershed
restoration approach being employed throughout much of
the urban, 400 kM? Anacostia River watershed. The
completion of the Wheaton Branch stormwater manage-
ment (SWM) retrofit facility in June, 1990 marked the be-

1 Project manager and co-investigator with James D. Cummins, Interstate Commis-
sion on the Potomac River Basin and James B. Stribling, Tetra-Tech, Inc.

ginning of a three-phased restoration project. The major
objective of Phase | (1990-91) was to restore Wheaton
Branch, Upper Sligo Creek’s largest and most severely
degraded tributary. The centerpiece of this effort was the
three-celled, wet extended detention Wheaton Branch
SWM pond/marsh. This SWM retrofit was designed to pro-
vide both a high level of water quality control and down-
stream channel erosion protection for a 326 ha (805 ac),
55% impervious catchment. Other major components com-
pleted under Phase | included restoration of 300 m of down-
stream aquatic habitat, the creation of two vernal pools for
amphibian breeding habitat, and riparian restoration along
a 350 m stream corridor.

Phase Il (1992-94) restoration featured the completion
of the University Boulevard SWM retrofit (a companion,
two-celled wet extended detention pond/marsh). The SWM
facility provides similar water quality and quantity control
for a 162 ha (400 ac), 30% impervious drainage area. In
addition, Phase Il included: selective physical aquatic habi-
tat restoration of approximately 7 km of the Upper Sligo
Creek mainstem, construction of a 300 m-long parallel pipe
stormflow diversion system along Flora Lane tributary, cre-
ation of a 0.1 ha marsh, riparian reforestation of 2 ha along
Sligo Creek and the systematic reintroduction of 17 native
fish species into Wheaton Branch, Flora Lane tributary and
the Sligo Creek mainstem. Physical aquatic habitat condi-
tions at 19 sub-project sites were enhanced via the em-
ployment of stone wing deflectors, boulder fields, rootwads,
placed rip-rap, log drops, streambank bioengineering and
cedar-tree brush bundles.

Because of the general lack of adequate surface
stormwater runoff storage sites, physical aquatic habitat
restoration of the Flora/Lane tributary necessitated a flow
diversion approach. The prototype flow-splitting system was
designed to divert stormflow generated from up to 90% of
all one-hour storm events. Peak one-hour discharge from
the 87 ha (216 ac), 50% impervious catchment is approxi-
mately 1.6 m3/s or 55 cfs.

Phase 11l (1994-95) included biological, physical habi-
tat, hydrological and stream and pond water chemistry
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evaluations. No major restoration construction work was
performed in Phase Il

Study Design

Between March, 1990 and June, 1995, macroinvertebrate
and fish monitoring was performed at a total of 10 sites to
help assess the success of stormwater retrofit and stream
restoration work on Sligo Creek’s aquatic communities. Over
this six-year period, the number of sampling stations grew
from four in Phase | to eight in Phase Il and finally, 10 in
Phase Ill. Of the 10 sites, four were located in the Sligo Creek
mainstem, two in the Flora Lane tributary, two within the re-
stored portion of Wheaton Branch, one in the unrestored
Woodside Park tributary and one in the SWM control com-
parison stream (i.e., Crabbs Branch, located in the neigh-
boring Rock Creek watershed). In addition, a similar head-
waters area of the neighboring, semi-rural Northwest Branch
served as the Piedmont reference stream. Upper Sligo Creek
restoration areas and monitoring station network are shown
in Figure 1.

Stream water quality grab sampling was conducted be-
tween May, 1994 and July, 1995 at the following sites:
Wheaton Branch - W131; Sligo Creek - SL2, SL3, SL4;
Flora Lane tributary FL1 and FL2; and Crabbs Branch -
C131. Paired baseflow and stormflow water samples for
laboratory analysis were collected at WB1 and FL1 be-
tween June, 1994 and July, 1995. Monthly pond water
column sampling of Wheaton Branch Pond No. 3 and the
Crabbs Branch SWM facility was performed between May
and November 1994.2 As part of Phase lIl, sediment grab
sampling was conducted at six locations: Wheaton Branch
Pond No. 3, WB1, SL2, Sligo Creek mainstern above Flora
Lane tributary, SL4 and FL1. Stream thermal regime char-
acterization via continuous temperature monitoring was
performed between May and November, 1994 at the fol-
lowing locations: SL2, W131, FL2, SL4 and CB1.

Methods

Macroinvertebrate sampling of riffle and pool habitats
was performed using a square foot Surber sampler and
long-handled D-frame net (595 micron mesh opening).
Three Surber samples and a single D-frame sample were
taken from riffle and pool areas, respectively. Specimens
were identified to the lowest practical taxonomic level. Five
metrics were calculated in the study: taxa richness,
Hilsenhoff Biotic Index, EPT, percent contribution of domi-
nant taxon and shredders/total.

Fish sampling was conducted via backpack
electrofishing. Sampling techniques followed procedures
present in Plafkin, et al. (1989) and as described in

2Pond characteristics - Wheaton Branch: D.A. = 326 ha; imperviousness = 55%;
permanent pool surface area 2.4 ha; bottom release design; maximum depth 1.75
m; constructed 1990; SAV absent; 24-36 hr ED control. Crabbs Branch: D.A. =
238 ha; imperviousness = 60%; permanent pool surface area = 3.1 ha; surface
release design; maximum depth 2.60 m; constructed 1983. SAV (Hydrilla) covers
approximately 75% of pond bottom; no formal ED.

Cummins (1989) and (1991). The Zippin (1956) three-pass
depletion method was used for fish population estimation.
In addition, one-pass electrofishing was performed to fur-
ther evaluate fish dispersion, taxa richness and recruit-
ment success in Upper Sligo Creek.

Spot baseflow and stormflow water quality readings were
made in the field using a Horiba U-10, multiprobe water
quality meter and a Hach TDS meter. Paired baseflow and
stormflow samples were collected for WSSC laboratory
analysis from Wheaton Branch and the Flora Lane tribu-
tary. Baseflow samples were collected by immersing a 20-L
polyethylene carboy in an undisturbed pool area. Stormflow
samples were collected using a modified suspended sedi-
ment sampler.

Pond water column samples were collected at estab-
lished representative surface, mid-level and bottom depths
using a 2.0-L Van Dorn sampler. At the Wheaton Branch
pond, one 4-L water sample was collected for laboratory
analysis at each of the following depths: 0.15, 0.61 and
1.22 m.

An EPA priority pollutant scan of stream (pool) and pond
sediments was performed by first taking 8-L of fine sedi-
ment with a coring device. Samples from three-to-five lo-
cations at each site were composited and delivered to
Gascoyne Laboratories, Inc. for analysis.

Continuous stream temperature monitoring was accom-
plished through the systematic employment of Ryan
TempMentor recording thermograph thermometers.

Physical aquatic habitat conditions were visually evalu-
ated using both methods described in Barbour and Stribling
(1991) as well as the Rapid Stream Assessment Technique
(Galli, 1996).

Results

Stormwater Pond Influence

Both the Wheaton Branch and Crabbs Branch SWM fa-
cilities exerted a strong influence on downstream hydrol-
ogy, water chemistry, temperature, substrate particle size
and stream bioenergetics. As expected, water quality in
both ponds was typically highest at or near the surface
and declined with increasing depth (Table 1).

During the Phase Il study period, Wheaton Branch’s 1.1
rn release depth resulted in the periodic discharge of poorly
oxygenated water high in organic materials and fine sedi-
ments (note: the pond’s outlet structure was slightly modi-
fied in 1996 resulting in a mid-level release). Previous find-
ings (Environmental Dynametrics, Inc., 1993) strongly sug-
gested that during stormflow conditions this subsurface
release functions as a siphoning device, effectively reduc-
ing the pond’s overall pollutant removal efficiency. Of the
stream sites monitored in Phase lll, dissolved oxygen (DO)
levels in Wheaton Branch were typically lower. DO con-
centrations there were below 5.0 mg/L on four out of the
30 sampling dates. The study’s low stream DO reading
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Table 1. Wheaton Branch and Crabbs Branch Pond Water Quality: June, 1994

Air Water Secchi
Location & Depth Temp. Temp. DO Field Cond. Turb. Depth
Date (m/ft) (°C) (°C) (mg/L) pH (umhos/cm) (NTU) (m)

Wheaton 0.15/0.5 32.0 28.5 12.13 7.30 146 16 0.50
Br. Pond 0.30/1.0 28.6 12.46 7.21 146 14
No. 3 0.61/2.0 28.2 11.79 7.12 146 18
(6/22/94) 0.91/3.0 27.5 5.93 6.72 147 17
1.22/4.0 26.5 1.20 6.53 210 34
1.45/4.5 26.0 0.23 6.21 227 34

Crabbs Br. 0.15/0.5 32.0 28.4 12.73 8.77 300 11 0.72
SWM Pond 0.30/1.0 28.3 12.12 8.71 299 14
(6/23/94) 0.91/3.0 27.8 10.44 8.51 294 13
1.22/4.0 27.0 3.75 7.26 298 14
1.83/6.0 23.0 0.22 6.60 423 139
2.59/8.5 25.2 0.11 6.57 595 87

(2.87 mg/L) was recorded at both sites WB1 and W132 in
June, 1994.

By comparison, Crabbs Branch'’s surface release design
resulted in the discharge of warmer, yet clearer and more
highly oxygenated water. The larger permanent pool sur-
face area and volume and presence of extensive stands
of Hydrilla verticillata (which cover approximately 75% of
the pond bottom) contributed to Crabbs Branch’s appar-
ently better water quality performance.

Wheaton Branch and Flora Lane Tributary
Stormflow Chemistry

Compared to Wheaton Branch, stormflow total sus-
pended solids (TSS), total organic carbon (TOC) and bio-
chemical oxygen demand (BOD) were generally slightly
higher in Flora Lane. Median stormflow TSS, TOC and BOD
concentrations were as follows: Wheaton Branch - TSS
(20 mg/L), TOC (8 mg/L), BOD (9 mg/L); Flora Lane tribu-
tary - TSS (50 mg/L), TOC (10 mg/L), BOD(10mg/L). The
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median nitrate (NO,) concentration was three times higher
in Flora Lane (1.6 mg/L) than in Wheaton Branch (0.5 mg/
L). Stormflow copper concentration ranges were nearly
identical for both streams. The median stormflow copper
concentration for both Wheaton Branch and Flora Lane
was 20.0 ug/L. This median level was double that recorded
under baseflow conditions. Mean stormflow total hardness
concentrations for Wheaton Branch (80.3 mg/L CaCO,)
and Flora Lane (105.2 mg/L CaCO,) were also consider-
ably lower than under baseflow conditions.

Stream Sediment Chemistry

Results of the EPA priority pollutant scan revealed no
high or unusual concentrations of pollutants in the sampled
stream sediments and were deemed to not pose serious
environmental toxic risks. Not surprisingly, the majority of
contaminants found were associated with road runoff. For
all metals detected, higher concentrations occurred in the
Sligo Creek mainstern below the Flora Lane tributary
confluence than above. For example, lead concentrations
increased from 23 mg/kg above the Flora Lane confluence,
to 50 mg/kg below. This enrichment is likely associated
with the large volume of highway traffic and runoff from
Interstate 495 and Georgia Avenue (MD Rte 97), which
are conveyed via the Flora Lane tributary to Sligo Creek.

1994 Thermal Regime Characterization

Based on continuous water temperature monitoring re-
sults, the thermal regimes of the streams were generally
categorized, per Galli (1990), as follows: 1) Sligo Creek
mainstem - coolwater; 2) Crabbs Branch - coolwater bor-
dering on warm; and 3) Flora Lane tributary - coolwater
bordering on cold. Summer stream temperatures in all but
the Flora Lane tributary regularly exceeded temperature
levels considered optimal (i.e., less than 17-20° C) for many
stonefly, mayfly and caddisfly species (Gaufin and Nebeker,
1973; Ward and Stanford, 1979; Fraley, 1979). Compared
to Wheaton Branch, Crabbs Branch was typically 3-4° C
warmer. This condition remained operative throughout the
temperature monitoring period.

Physical Aquatic Habitat

Major aquatic habitat improvement occurred in Wheaton
Branch following restoration work in April, 1991. Prior to

this date, aquatic habitat at sites W131 and W132 was 49-
56% of reference stream conditions. Following restoration,
aguatic habitat at these two sites increased to 104-108%
of reference. Similar improvements were documented in
both the Flora Lane tributary and Sligo Creek mainstern
upon completion of habitat enhancement work in Febru-
ary, 1994. Marked reductions in embeddedness levels were
recorded throughout. Pre- and post- restoration
embeddedness levels in Flora Lane fell from approximately
85% to 40%.

Macroinvertebrates

From Phase | to Phase I, both the number of individuals
and number of taxa in Wheaton Branch and the Sligo Creek
mainstern downstream of Wheaton Branch increased by
approximately 50%. No discernible change was observed
in the Flora Lane tributary. For the restored stream sites,
the metric percent contribution of dominant taxon ranged
from approximately 67-93% in 1990 spring samples to
approximately 26-78% in 1995 (Table 2).

Fish

Between Phase | and Ill the number of established fish
species increased as follows: Wheaton Branch - three to
six; Flora Lane tributary - three to six; Sligo Creek mainstern
- three to nine. Follow up, one-pass electrofishing results
in 1996 and 1997 revealed that approximately 12 species
are now established in the Sligo Creek mainstem. By com-
parison, Crabbs Branch and the reference stream support,
12-15 and 16-17 species, respectively. As seen in Figure
2, Index of Biotic Integrity (IBI) scores for restored sites
SI-2, W131, WB2, SI-3, FL1, FI-2 and SI-4 all increased
between Phase | and Ill (i.e., generally from poor to poor/
fair). During Phase lll, Crabbs Branch fish IBIs were con-
sistently in the fair/good category.

Discussion

Monitoring results confirmed that the Upper Sligo Creek
restoration produced several improvements in both bio-
logical and aquatic habitat conditions. These generally in-
cluded: increases in the number of macroinvertebrate in-
dividuals (hence, improved food base for resident fish);
reductions in percent contribution of dominant taxon; an
increase in the number of established fish species from

Table 2. Calculated Macroinvertebrate Metric Values: Spring 1995* (modified from Cummins, et al., 1997)

Percent
Monitoring Taxa Hilsenhoff Dominant Shredders

Site Richness Biotic Index EPT Taxa (Total)
SL1 7 7.8 2 63 0
SL2 10 6.5 3 a7 0.01
SL3 9 7.0 3 26 0
SL4 10 6.9 3 30 0.12
WB1 11 6.8 3 46 0.006
WB2 7 6.3 3 78 0

FL1 2 8.0 0 67 0
FL2 6 7.3 2 48 0.05
WP1 3 8.1 0 61 0
CB1 10 7.0 3 43 0.007
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Figure 2.

three in 1988 to approximately 12 in 1997; reductions in
streambed embeddedness levels and increases in overall
riffle and pool quality; enhanced streambank stability; dra-
matic reductions in the amount of sediment, trash and de-
bris present in the streams; a reduction in the incidence of
fish deformities, skin erosions, lesions and tumors (DELTS)
from 11% in Phase | to less than 3% in Phase lll, and the
ability to support relatively pollution intolerant fish species
such as the mottled sculpin (Cottus bairdi), rosyside dace
(Clinostomus funduloides) and northern hogsucker
(Hypentelium nigricans) for periods as long as three years.

Despite these major improvements, the gain in Upper
Sligo Creek’s aquatic ecological health was generally lim-
ited to a shift from a very poor stream system to a fair one.
At the end of Phase I, conditions were well below those
found in the reference Piedmont stream. They were also
generally lower than those present in Crabbs Branch. In
addition, it was evident that both water quality and high
runoff volumes remain a problem, particularly in the
Wheaton Branch and Flora Lane tributaries. With regard
to Wheaton Branch, the Wheaton Branch SWM facility’s
water quality control limitations appear to be hindering the
re-establishment of a more diverse fish and
macroinvertebrate community. In Flora Lane, the parallel
pipe system is undersized. Consequently, approximately
one to three times per year, high runoff discharges pro-
duce major streambed scouring. Episodic discharges of
petroleum products into the stream, as well as the failure

Summary: Upper Sligo Creek Phase I-lll average fish IBI scores (modified from Cummins, et al., 1997).

to perform routine sediment and debris removal at the par-
allel pipe system’s control weir, have further limited stream
recovery.

Conclusion

The effort required to shift the level of a severely de-
graded, intensely developed urban stream system to a
higher level is not well understood, nor are results always
linear. In the case of Upper Sligo Creek, the post-restora-
tion aquatic community is still undergoing changes. Thus,
additional monitoring, perhaps for another two to three
years, may be required to more fully explain the recovery.
Finally, continued efforts to reduce water quality and quan-
tity-related problems are critical for further biological im-
provements and the ultimate restoration of the fish com-
munity to near-reference conditions.
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Urban Water Quality Monitoring and Assessment Approaches in Wisconsin

Roger Bannerman
Wisconsin Department of Natural Resources
Madison, Wisconsin

The Wisconsin Department of Natural Resources is
implementing a long-term urban monitoring strategy de-
signed to support Wisconsin’s Nonpoint Source and
Stormwater Permit Programs. The purpose of the moni-
toring is to help ensure that management programs will
improve the quality of Wisconsin’s urban streams in the
most cost-effective manner. At the core of the strategy are
seven questions that we try to answer as part of preparing
every urban nonpoint source control plan. All of the plans
are enhanced with site-specific monitoring data for the first
three questions, but the high cost of collecting monitoring
data for the remaining four questions limits the data col-
lection to special urban monitoring projects. Results are
available for 26 special monitoring projects. To improve
our answers to all of the questions, we are planning about
28 new special monitoring projects for the next five years.
An urban runoff model and stormwater management manu-
als are used to transfer the results of special projects to
other urban watersheds.

One or more types of monitoring data are being collected
to answer each question. Biological data is collected in
every urban watershed to answer the first two questions
and part of question 3. The first three questions are: 1)
what are the designated uses of the streams, 2) what are
the problems in the stream, and 3) what are the pollutants
and/or habitat factors degrading the streams? Special
monitoring projects using biological, chemical and physi-
cal data attempt to answer the last four questions and part
of question 3. The part of question 3 answered by special
monitoring is what, if any, potentially toxic pollutants are
degrading the streams. The last four questions are: 4) what
are the sources of the pollutants, 5) what are the goals for
reducing the pollutants and changing other factors degrad-
ing the stream, 6) what management alternatives will
achieve the goals, and 7) what did the implementation of
practices improve in the streams?

Introduction

Urban runoff has degraded many of Wisconsin’s streams
(Masterson and Bannerman, 1994; Simonson and Lyons,
1993). To improve and protect the quality of urban streams

and other resources, Wisconsin's State Legislature cre-
ated a Nonpoint Source Program in 1978. The program is
implemented through “priority watershed projects,” which
include the preparation of a priority watershed plan. The
priority watershed plan assesses nonpoint and other
sources of water pollution and identifies best management
practices needed to achieve the designated uses of the
water resources.

The watershed plan guides the implementation of the
best management practices. The Wisconsin Department
of Natural Resources (WDNR) and the Department of Ag-
riculture, Trade, and Consumer Protection administer the
program, while the local units of government implement
the plan. State funds are provided to cost-share the imple-
mentation of the best management practices recom-
mended in the plan. Approximately 10 million is made avail-
able to municipalities every two years. Approximately 6
million is for the installation of urban practices and the re-
maining 4 million dollars is used for such activities as de-
signing the practices, stormwater management plans, de-
veloping stormwater ordinances, and developing utility dis-
tricts.

A priority watershed plan could not be prepared without
the results from some type of urban monitoring activity.
Results of the monitoring help us make the best manage-
ment decisions to ensure that designated uses of the
streams are achieved for the least cost possible. Monitor-
ing data is used to strengthen our confidence in such deci-
sions as identification of the pollutant sources and the se-
lection of management alternatives. In response to this
need for data, the WDNR has developed an urban moni-
toring strategy supported by two types of monitoring ac-
tivities.

The purpose of this paper is to describe the monitoring
strategy and some of the results from the monitoring ac-
tivities. Information from the Lincoln Creek Subwatershed
part of the Milwaukee South Priority Watershed Plan is
described as an example of how the monitoring data is
used to prepare the chapters in a plan. Future monitoring
activities proposed for the strategy are also discussed.
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Seven Stormwater Management Questions

The urban monitoring strategy is based on answering
seven stormwater management questions (Table 1). Each
question is related to the information needed for a chapter
in the watershed plans. Chapter IV in the priority water-
shed plan for the Milwaukee River South Priority Water-
shed Project is entitled “Water Resources Conditions,
Nonpoint Sources and Water Resource Objectives”
(WDNR,1991). Designated uses and water resource ob-
jectives are usually the same. Results from questions 1 to
5 are needed to prepare this chapter. Answers to question
6 are helpful for making the management recommenda-
tions in Chapter V, which is entitled “Nonpoint Source Con-
trol Needs.” The last question matches with the last chap-
ter, Chapter VIII, entitled “Water Quality Evaluation Moni-
toring.” Titles and order of the chapters might vary between
plans, but they all cover the same types of information.
These same questions would probably apply to almost any
water resource management effort.

Table 1. Seven Stormwater Management Questions Used To Design
Urban Monitoring Activities.

Question Questions

No.

1. What are the designated uses of the urban streams?

2. What are the problems in the stream?

3. What are the pollutants and/or habitat factors degrading
the urban streams?

4. What are the sources of the pollutants?

5. What are the goals for reducing pollutant loads and
changing other factors?

6. What management alternatives will achieve goals?

7. What did the implementation of the practices improve in

the urban streams?

All of the questions are important. The quality of the an-
swer to a question depends to some degree on how good
the answer is to the previous question. The order of the
questions is the order in which they are usually answered.
For example, selecting the best management practices
without identifying the sources of the pollutants increases
the risk of wasting money on the wrong practices.

Answers to the seven questions are also helpful in the
implementation of the U.S. Environmental Protection
Agency’s Stormwater Permit Program. Priority watershed
plans are available for many metropolitan areas in Wis-
consin. Most municipalities required to have a stormwater
permit are in a priority watershed. So far, some of the per-
mit requirements overlap with the management actions
specified in the watershed plans.

Two Types of Monitoring Activities
Supporting the Urban Monitoring Strategy

Two types of monitoring activities are essential parts of
the urban monitoring strategy. Results from the two types
of monitoring activities are used to answer the seven man-
agement questions for all of the priority watershed projects.
One type of monitoring is done for every priority water-
shed project. Biological data is collected in every stream

to answer questions 1, 2, and parts of 3. Information about
the designated uses, the problems in the urban stream,
and the reasons for any problems are very site-specific.
Parts of question 3 assessing the problems caused by
conventional pollutants and a degraded fish habitat are
included in the monitoring done for every stream.

There is no substitute for collecting good biological data
in every watershed project. In most cases, it cost about
$500 to collect the biological data in each urban stream.
One or two sites in every stream are selected for fish, fish
habitat, and macroinvertebrate sampling. The biological
sampling for questions 2 and 3 is always done during the
planning phase of a project, while the answer to question
1 is sometimes determined before the beginning of a wa-
tershed project.

The other type of monitoring provides data to answer
questions 4, 5, 6, 7, and the part of question 3 evaluating
the role of potentially toxic pollutants. These “special ur-
ban monitoring projects” collect data at a few selected sites
that are then extrapolated to other urban areas. Special
urban monitoring projects provide the kind of data needed
by every priority watershed project, but which would be
too expensive and time-consuming to collect for every
project. Concentrations of zinc measured in street runoff
in Madison, for example, is used to estimate zinc loadings
from streets in Milwaukee. Testing the effectiveness of a
best management practice in every priority watershed
project would not only be unnecessary, but would cost over
$100,000 to properly test each device. Results from three
special monitoring projects were used to help answer the
stormwater management questions for the Lincoln Creek
Subwatershed.

Answers to Seven Questions for Lincoln
Creek Subwatershed

Answers to the seven questions for the Lincoln Creek
Subwatershed provide an example of how the information
is presented in many of the priority watershed plans. Spe-
cial urban monitoring project data used for the Lincoln
Creek Subwatershed is also typical of the stormwater data
available to a number of the priority watershed plans pre-
pared before 1993.

Lincoln Creek Subwatershed is the largest urban
subwatershed in the Milwaukee River South Watershed,
draining 12,600 acres (18.8 sq. miles). Information about
Lincoln Creek was collected as part of preparing the Mil-
waukee River South Priority Watershed Plan (WDNR,
1991). Residential land uses dominate this totally urban
subwatershed. High density residential areas occupy 35%
of the subwatershed, while 12% of the subwatershed is
industrial. Lincoln Creek is almost entirely channelized with
about one-third of the channel being concrete lined.

Lincoln Creek Answers - Questions 1 to 3

As for all the urban streams in the Milwaukee South Pri-
ority Watershed Project, biological sampling was done in
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Lincoln Creek to answer questions 1, 2, and parts of ques-
tion 3 (Table 2). Electro-shocking of fish was done to de-
velop an assessment of the fish community in Lincoln
Creek. The WDNR’s stream system habitat rating form (Ball
1982) was used to characterize the habitat in the stream.
Thirteen factors, such as low flow, depth of pools, bank
vegetation protection, lower bank deposition, and charac-
teristics of bottom substrate and cover are ranked to de-
termine the quality of the habitat. Habitat data are very
important because they are a large factor in determining
the potential fish species, composition, abundance, and
age structure. Results from dissolved oxygen, tempera-
ture, pH, and bacteria surveys were combined with the
ranking from the Hilsenhoff Biotic Index (HBI) for
macroinvertebrates (Hilsenhoff 1982) to assess the water
quality of the stream. All of the environmental data is then
used to classify the stream.

Procedures developed by the WDNR are used to clas-
sify the urban streams for fish and other aquatic life (Ball,
1982; WDNR, 1995). Although the procedures are de-
signed to provide a legal classification of a stream, classi-
fications prepared for the priority watershed projects do
not follow all of the required steps and, therefore, carry no
legal authority. The stream use classes are (a) cold water
communities, (b) warm water sport fish communities,

Table 2. Answers to the Seven Stormwater Management Questions
for Lincoln Creek Sub-watershed (from WDNR, 1991)

Question Answer to Questions

1. What are the designated uses?  Fishery Use: Below Teutonic Ave.
- warm water sport fish; other
natural reaches - limited forage
fish; and concrete lined reaches -
limited aquatic life

Recreational Use: All reaches -

partial body contact

2. What are the problems in
the stream?

Fishery Use: Species diversity - 2
(Ref. stream -20)
Macroinvertebrates: Severely
impaired

Recreational Use: Partially
meeting use

3. What are pollutants and/or
factors degrading the stream?

Pollutants: Sediment, potentially
toxic pollutants (eg. lead, zinc,
and copper) in water column and
bottom sediments, bacteria, and
low dissolved oxygen.

Factors: Poor habitat, flashy
flows, and concrete lining.

Sediment. Established urban
area - 29%; construction

sites - 64%; and streambanks

- 7%.

Lead: High density residential

- 33%; industrial - 32%;
Multi-family residential - 19%;
and commercial - 14%

Bateria and low dissolved oxygen
- no entry

4. What are the sources of
pollutants?

(continued)

Table 2. Continued

Question Answer to Questions

Flow Rate and Volume: Reduce
enough to control bank erosion
and scour.

Sediment: A 50% reduction in
sediment

Lead: 40% to meet acute toxicity
standards at outfalls and 50% to
meet chronic toxicity standards in
stream.

5. What are goals for reducing
pollutant loads and changing
other factors?

Sediment: Construction site
erosion controls designed to
reduce the sediment by 75%
Lead: Wet detention ponds or
their equivalent to control all of
the runoff from critical land uses
(industrial, commercial, freeways,
high density residential, and
multi-family residential).

Flow Rate and Volume: No entry

6. What management alterna-
tives will achieve the goals?

7. What did the implementation
of the practices improve in the
stream?

Develop long-term biological,
chemical, and physical monitor
ing program.

(c) warm water forage fish communities, (d) limited forage
fish communities, and (e) limited aquatic life. Recreational
stream use classifications are also defined. For the pur-
pose of designating fish and aquatic life uses, the biologist
must decide if the factors limiting the ability of a stream to
support certain uses are controllable or uncontrollable. If a
controllable factor, such as urban runoff, is limiting the uses
of a stream, the biologist can assume the urban runoff will
be controlled to some degree when deciding what the po-
tential uses of the stream should be. Although the proce-
dures provide more objectivity to the process of classify-
ing streams, professional judgement usually enters into
the final use class selection.

Not all of question 3 was answered by biological moni-
toring. Although problems caused by excessive sediment,
and sometimes high nutrient loadings, can be identified by
the fish habitat surveys, some grab samples of Lincoln
Creek water were used to identify the presence of poten-
tially toxic pollutants. We recommend raising public aware-
ness about the potential problems with toxic pollutants and
bacteria by collecting grab samples below a storm sewer
outfall during three different runoff events. These samples
should be analyzed for as many of the pollutants found in
stormwater as possible, such as heavy metals and fecal
coliform bacteria.

Lincoln Creek Answers - Questions 4 to 6

Lead is the potentially toxic pollutant that is assumed to
represent all of the other potentially toxic pollutants in the
answers to questions 4 through 6. Lead is also important
to part of the answer for question 3. Extensive stormwater
monitoring of eight storm sewer outfalls in the City of Mil-
waukee identified the types of potentially toxic pollutants
that might be in the stormwater discharging to Lincoln Creek
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(Bannerman, 1983). Results of this special urban monitor-
ing project were available for samples collected at high
density residential, medium density residential, commer-
cial strip, and shopping center monitoring sites. Total re-
coverable lead event mean concentrations exceeded the
acute toxicity standard (hardness of 100mg/l) of 170 ug/I
for 90% of the runoff events sampled at a commercial
landuse site (WDNR, 1989). Although the WDNR does not
currently regulate stormwater discharges using numeric
effluent limitations, acute and chronic toxicity standards
applied to point source discharges for industries and mu-
nicipalities are useful to characterize the potential impor-
tance of different pollutants to the quality of urban streams.
Bottom sediment samples collected for a special urban
monitoring project in the nearby Menomonee River indi-
cated that all urban stream bottom sediments are prob-
ably contaminated with heavy metals (Dong, 1979).

Sources of lead and sediment for the established urban
areas were estimated using an urban runoff model called
Source Loading and Management Model (SLAMM) (Pitt,
1989). SLAMM is widely used in Wisconsin as a planning
tool to better understand sources of stormwater pollutants
and their control. Percent contributions listed in the an-
swer to question 4 are a lot more credible because SLAMM
was first calibrated with the data from the 1983 Milwaukee
stormwater monitoring project. Once the model was cali-
brated it was also used to estimate the pollutant reduction
goals. An average annual lead concentration calculated
with SLAMM for all the outfalls in Lincoln Creek
subwatershed was compared to the acute toxicity criteria
for lead. About a 40% reduction in lead loading was needed
from all the critical landuses in the subwatershed to meet
the acute toxicity standard in the stormwater discharged
from the outfalls. Concentrations measured in the Milwau-
kee River were used to determine the exceedances of the
chronic criteria in the stream.

Two years of samples collected at the inlet and outlet of
a wet detention pond in Madison, was the basis of the an-
swer developed for question 6 (House, 1993). The results
of this special urban monitoring project confirmed that about
a 90% reduction in sediment and about a 60% reduction
in lead could be achieved with wet detention ponds.

Lincoln Creek - Question 7

Lincoln Creek is part of an intense evaluation monitor-
ing effort in Wisconsin. Comprehensive biological, chemi-
cal, and physical monitoring is being done for at least a
ten-year period. Results from Lincoln Creek will be used
to evaluate the benefits of implementing best management
practices in other urban streams. All of the pre-practice
installation monitoring has been completed for Lincoln
Creek.

Special Urban Monitoring Projects

Results from the three special urban monitoring projects
referenced above were available in time to enhance the
answers to the seven stormwater management questions
in the Lincoln Creek Subwatershed. None of these projects

were conducted as part of preparing the Milwaukee South
Priority Watershed Plan. Determination of pollutant reduc-
tion goals would have been more difficult if the monitoring
data had not been available from the 1983 Milwaukee
stormwater monitoring project. Although there was insuffi-
cient data in these three projects to completely defend the
answers to the questions, it was enough to begin an imple-
mentation effort for Lincoln Creek.

A total of 26 special urban monitoring projects have been
conducted by the WDNR over the last 17 years. Each one
of the projects was selected to help answer one or more of
the seven stormwater management questions. All but five
of the projects were completed after 1993. This is after the
time priority watershed plans had been prepared for most
of the major metropolitan areas in Wisconsin. More recent
priority watershed projects have used the results of the
later special monitoring projects.

All together, the special monitoring projects cost about
$2.5 million. These costs were shared by the WDNR, EPA,
and local units of government. Between five and eight
projects are completed for each of questions 3, 4, 6, and
7. Our difficulties in selecting goals for reducing pollutant
loads and changing other factors, such as flow volumes,
is reflected in the fact that data is available for only two
projects related to question 5. Areport is available for all of
the completed special monitoring projects. Since biologi-
cal monitoring is done in every watershed project for ques-
tions 1 and 2, there are no special projects completed for
these questions.

Role of Toxic Pollutants in Urban Streams -
Question 3

Five special urban monitoring projects are completed
that help characterize the impact of potentially toxic pollut-
ants on the biological integrity of an urban stream. Three
of the projects evaluated the toxicity of stormwater in Lin-
coln Creek. A total of 316 laboratory toxicity tests were
performed on stormwater and baseflow samples with
Ceriodaphnia dubia, Daphnia magna, and Pimephales
promelas. No short term, 48-96-hour acute or 7-day chronic
toxic effects, which could be solely attributed to stormwater
runoff, were identified with the three laboratory test spe-
cies (Ramcheck, 1995). Subsequent toxicity tests were
modified to include longer-term in situ tests. Tests with D.
magna performed in flow-through aquaria showed signifi-
cant increases in mortality for 93% of the tests after 14
days of exposure (Crunkilton, 1996). Longer exposures of
17 to 61 days, with juvenile and adult P. promelas exhib-
ited significant increases in mortality ranging from 30 to
95%. It appears that conventional wastewater effluent tox-
icity tests lack the sensitivity to detect the biological deg-
radation observed in Lincoln Creek. The long-term in situ
toxicity tests should be used for future special monitoring
projects evaluating the toxicity of stormwater.

An in vitro bioassay with PLHC-1 (Poeciliopsis lucida)
fish hepatoma cells was used to assess potential toxic
potency of aryl hydrocarbon receptor (AhR) - active com-
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pounds, collected by semipermeable membrane devices
(SPMDs) exposed to Lincoln Creek water
(Villeneuve,1997). Dialysates from SPMDs exposed to Lin-
coln Creek water caused marked cytochrome P4501A in-
duction in PLHC-1. SPMDs exposed to baseflow had con-
sistently lower potencies than those exposed to high flows.
Emperical evidence suggests that AhR-active polycyclic
aromatic hydrocarbons (PAHS) can account for about 20
to 50% of the potency observed.

Monitoring of several urban streams in Milwaukee
County, showed that the urban streams are highly degraded
(Masterson, 1994). Stormwater discharges are blamed for
high concentrations of pollutants in the water and bottom
sediments, flashy flows, poor habitat, low diversity of
aguatic organisms, and accumulation of pollutants in fish
and crayfish tissue. A reference site was used to deter-
mine the degree of degradation. Water quality data com-
piled from four stormwater monitoring projects showed the
concentrations of many potentially toxic pollutants are high
enough to say that stormwater might be contributing to the
degradation of the urban streams (Bannerman, 1996). All
these findings describe the complexity of developing a
solution to problems caused by stormwater.

Sources of Pollutants - Question 4

Results from six special urban monitoring projects are
available to help determine the sources of stormwater pol-
lutants. All but one of these projects provides data on the
concentrations of pollutants in the runoff from different ur-
ban source areas. New sampling equipment was devel-
oped to collect sheet-flow runoff samples from roofs, park-
ing lots, driveways, streets, industrial yards, and lawns.
Source areas were sampled in residential, industrial, and
commercial landuses. The relative importance of the pol-
lutant load from each source area varies by pollutant and
landuse. Study sites in Madison, WI, and Marquette, M,
showed streets as an important source for most pollutants
and landuses ( Bannerman, 1993; Burnhart, 1993;
Waschbusch, 1998; Steuer, 1997). Lawns are an impor-
tant source of phosphorus for all the study sites, while roofs
contribute a relatively large amount of zinc in commercial
and industrial landuses for the Madison study sites. Park-
ing lots at the Marquette study site are contributing the
largest amount of PAHSs.

Not only the results from these projects identify impor-
tant source areas for the study sites, but the data from
these projects is also being used to calibrate SLAMM. This
will increase our confidence in source area loadings de-
termined for future priority watershed plans. Data from
these projects are also helping us identify the activities
responsible for depositing the pollutants on the different
urban surfaces. For example, phosphorus concentrations
in the runoff from streets increased with the greater per-
cent tree canopy over the street (Waschbusch, 1998). This
information will be used to make the model more sensitive
to the tree canopy variations around a city. To more accu-
rately model the runoff from lawns, runoff parameters were
measured using a rainfall simulator on 20 Madison lawns

(Legg,1996). Rainfall-runoff relations vary substantially
between lawns, while the lawns that have been established
less than three years produce much higher runoff volumes
than older lawns.

An important number in every priority watershed plan is
the comparison of agricultural and urban contributions of
phosphorus and sediment to a stream. Stream phospho-
rus and sediment loads compiled from watersheds around
the state indicated that the phosphorus unit-area loads in
the southeast part of the state are similar for agricultural
and urban landuses (283 and 318 Ibs/sq. mi., respectively)
(Corsi, 1997). Sediment unit-area loads are three times
higher for the urban areas. A simple calculation with these
numbers will be used to determine the importance of con-
trolling urban sources of phosphorus and sediment.

Pollutant Reduction Goals - Question 5

Question 5 is probably the most challenging of the ques-
tions to answer, but it has received the least amount of
attention. An inadequate answer to this question can greatly
lower confidence in the suggested solutions to the
stormwater problems. An interim method for predicting
pollutant reduction goals is to combine the output of
SLAMM with a probabilistic dilution model developed by
the EPA (Corsi, 1995). Atest of the method in Lincoln Creek
demonstrated a reasonable agreement between the me-
dian measured and predicted event mean suspended sol-
ids concentrations. Pollutant loading reduction goals can
be determined by reducing the pollutant loading output from
SLAMM until the median event mean concentration in the
stream is below the water quality standard. SLAMM loads
are reduced by simply specifying a control in the model
run.

The approach that will eventually replace using a proba-
bilistic dilution model will be based on understanding the
relationships between urban landuse activities and the
conditions in the streams. An investigation of 103 streams
in Wisconsin showed that a high amount of urban land
use in a watershed is strongly associated with poor biotic
integrity and weakly but significantly associated with poor
habitat quality (Wang, 1997). There seemed to be a thresh-
old value of the urbanization between 10 and 20% beyond
which IBI values are consistently low. Performance stan-
dards based on observed threshold values can become
the basis for setting pollutant and water volume reduction
goals for urban streams.

Selection of Best Management Practices -
Question 6

Having eight of the special monitoring projects, the study
of best management practices has received the most at-
tention. Monitoring data is available on the pollutant re-
moval effectiveness for a wet detention pond, a multi-cham-
ber treatment train, a Stormceptor, and street sweeping. A
model was developed to test the removal effectiveness of
infiltration devices. All of these types of practices are be-
ing used in Wisconsin. Two other projects summarized the
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costs of implementing different best management prac-
tices and the methods for monitoring industrial sites.

More monitoring data appears to be available for wet
detention basins than any other type of practice. They are
probably the most commonly used structural practice in
Wisconsin. Results from monitoring a wet detention basin
in Madison, indicate that a well-designed basin should re-
move about 90% of the solids, 50% of phosphorus, and
60% of heavy metals (House, 1993). The pond’s sediment
and associated pollutant removal efficiencies are both in-
fluenced by influent particle size distributions (Greb, 1997).
Concentration data collected at the outlet occasionally
exceeded the acute toxicity standards for zinc and copper.
Toxicity testing on a pilot-scale wet detention basin indi-
cated that toxic reduction goals might not be achieved by
just using basins (Kron, 1998). Mortality for P. Promelas
exposed to the treated Lincoln Creek stormwater was sig-
nificantly reduced in only one of four test periods.

Evaluations of a multi-chamber treatment tank and a
Stormceptor installed at city maintenance yards revealed
very different pollutant removal efficiencies. The multi-
chamber treatment tank achieved levels of control for many
constituents of between 80 and 95%, while the efficien-
cies for the same constituents in the Stormceptor ranged
from 20 to 30% (Greb, 1998). Both devices will easily ret-
rofit into most land uses.

The water quality benefits of using mechanical street
sweepers was evaluated at four paired test sites in Mil-
waukee County. Models developed during the project were
used to determine street sweeping efficiencies for differ-
ent times of the year. Street sweeping is most effective in
the early spring during the heaviest street loads of the year
and in the fall following leaf fall (Bannerman, 1983). Lim-
ited benefits are expected from any intensive sweeping
program the rest of the year. Newer high efficiency sweep-
ers are expected to perform better than the mechanical
sweepers used in this study (Sutherland, 1997).

Although infiltration devices are rarely retrofitted in Wis-
consin, they might be needed to some degree to fully ac-
complish our pollutant and water volume reduction goals.
One concern about using infiltration as a practice is the
potential threat to groundwater quality. A method for deter-
mining the potential mobility of 32 organic and seven inor-
ganic pollutants during the infiltration of stormwater was
developed (Armstrong, 1992). The main variables affect-
ing leaching of stormwater pollutants are soil type selec-
tion, depth to groundwater, and water loading rate. Under
high loading rates, a few meters of soil will probably not
provide adequate protection of the groundwater. Inorganic
pollutants (mostly metals) are less mobile than organic
compounds (pesticides and PAHSs). The calculated resi-
dence times per meter of soil for organic chemicals in a
hypothetical infiltration system range from 15 days or less
for “mobile” compounds to over 1,000 years for “very low
mobility” compounds. These calculations assume a high
water loading rate to the infiltration device. Predicted resi-
dence times for inorganic pollutants in a 1.0 meter soil layer

subjected to a water infiltration rate of 60 meters per year
range from less than 1 year for chromium to over 100 years
for lead.

Costs of stormwater practices are sometimes difficult to
estimate because not many of some types of practices
have been installed in Wisconsin, and the costs of the ones
that have been installed are not well documented. Not
knowing the costs of the practices makes it very difficult to
select cost-effective management alternatives for estab-
lished urban areas. Some estimates of the capital and
annual operation and maintenance costs are available for
a number of practices (SEWRPC, 1991).

Different sampling methods are being used to test the
effectiveness of stormwater practices designed to improve
the quality of runoff from industrial sites. Evaluation of the
effectiveness of the industrial practices will be difficult un-
less more is known about how the sampling methods can
affect the interpretation of the data. Five different monitor-
ing methods were tested at five different industrial sites
(Roa-Espinosa, 1994). These five methods were (1) flow
weighted composite, (2) time discrete, (3) time composite,
(4) source area, and (5) first 30 minutes. Assuming that
sampling at the outfall is the most representative sample,
then time composite sampling is the best method. How-
ever, a new type of electronic source area sampler could
make source area sampling a better choice, because the
samples are collected closer to the source of contamina-
tion.

Results from testing the effectiveness of different best
management practices is used to calibrate SLAMM. Prac-
tices not available in SLAMM, such as the multi-chamber
treatment tank, are added to the model. The new effec-
tiveness data will also be used to update the information
about each practice in Wisconsin’s stormwater manual
(WDNR, 1994). Average long-term rainfall conditions for
several regions of the state are used to run the model
(Corsi, 1996).

Evaluation Monitoring - Question 7

The ability of the stormwater best management prac-
tices to achieve the designated uses in a stream is being
determined for Lincoln Creek and the Menomonee River
in Milwaukee County. Frequent chemical, biological, and
physical monitoring being done for both streams. Plans
are to continue the monitoring until implementation of the
priority watershed projects is completed. Results from these
two streams will be extrapolated to other urban streams.
At a cost of about $40,000 per year for each stream this
kind of intensive monitoring cannot be accomplished in all
the priority watershed projects. All of the pre-practice in-
stallation monitoring is done for both streams. Results of
the pre-practice installation monitoring have clearly docu-
mented the degradation of the water quality and biology in
both streams (Wang, 1996; Owens, 1997). Several com-
mon statistical techniques have been tested to detect
changes in the water chemistry data (Walker, 1993). The
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application of non-parametric tests to regression residu-
als for storm load data appears to be the best approach
for estimating minimum detectable change for a known or
estimated “before” condition.

To help quantify the changes in the stream, a version of
the Index of Biotic Integrity (IBl) was developed for warm
water streams in Wisconsin (Lyons, 1992). Guidelines were
developed for evaluating fish habitat in Wisconsin streams
(Simonson, 1994).

Future Urban Monitoring Plans

Results from the completed special monitoring projects
greatly increased the amount of information available to
answer the seven stormwater management questions. In
any new plan, however, we could not totally defend the
answers to the seven stormwater management questions;
if lead is targeted as a pollutant to control, for example, we
still could not totally defend its role in the degraded biol-
ogy or the levels of lead reduction suggested in the plan.
Without good monitoring data, each implementation effort
is to some degree an experiment, whose results will prob-
ably not be known until it is too late to make any major
adjustments to the types of best management practices
implemented.

Having the right kind of monitoring data can also influ-
ence people’s acceptance of the solutions offered in a pri-
ority watershed plan. Whenever municipalities, industries,
and others cooperating in the stormwater clean-up effort
have some doubts about the answers to the management
questions, it diminishes the chances of completely imple-
menting the priority watershed plan.

Future Products

Our experience with finding answers to the seven
stormwater management questions gave us some ideas
on the type of additional information we need to improve
our answers. We identified eight products we need to de-
velop using special monitoring projects (Table 3). All the
products are important, but developing biological criteria
and stormwater performance standards for urban streams
would probably give the biggest boost to the credibility of
our answers. We would like to set a goal of having all of
the products over the next five years. Realistically, it will
probably take longer to develop stormwater performance
standards.

Biological criteria are needed to quantify a potential use
of every stream. This should be less subjective than the
stream classification procedures we follow now to deter-
mine the uses of a stream. A set of indices, such as the 1BI
and the HBI, would identify the potential use of the urban
streams in every Wisconsin sub-ecoregion. Development
of the criteria would be a five-year effort requiring the col-
lection of data in both rural and urban streams. Some of
the data needed is already in WDNR files.

Closely related to the biological criteria is the identifica-
tion of the pollutants causing a toxic response in urban

Table 3. Products to be Developed using Future Special Urban
Monitoring Projects

Question
No. Products

1 Biological Criteria for urban streams.

2 None

3 Method to identify which toxic pollutants are important
in each stream and what levels of control are needed.

4 SLAMM calibrated for all source areas and all the
problem pollutants.

5 Stormwater performance standards designed to
achieve biological criteria - standards based on %
connected imperviousness, flow rates and volume, D.O.
levels, buffers, pollutant loadings, and temperature.

6 Method of selecting most cost-effective practices to
achieve performance standards.
SLAMM capable of testing all practices.
Stormwater manual describing suggested management
alternatives for the most commonly occurring land use
mixtures.

7 Location to showcase benefits of stormwater manage-
ment.

streams. Toxic pollutants could be a limiting factor in the
selection of best management practices. Although a toxic
effect has already been identified in one urban stream, itis
not known which pollutants are responsible for the observed
toxicity or what degree of urbanization is required to cause
a toxic response. Using methods already developed, it
would probably take about three years to develop an un-
derstanding of which pollutants are toxic and how the
amount of urbanization effects their toxicity.

SLAMM is calibrated for many of the pollutants washed
off many of the source areas. But more calibration is needed
for the toxic pollutants in runoff from some of the source
areas, especially gas stations, parking lots, and industrial
paved surfaces. A three-year monitoring effort using our
existing source area monitoring methods would produce
the numbers to finish the calibration of SLAMM.

A performance standard is a threshold value for a bio-
logical, chemical, or physical factor that, if achieved, will
help meet biological criteria for a stream. The threshold
values are for the factors that affect the biological integrity
of any stream. At least seven types of performance stan-
dards need to be developed to meet the biological criteria
or improve the biological integrity of a stream. They in-
clude maximum temperatures, minimum dissolved oxygen
levels, minimum and maximum flows, maximum water
volumes, types of riparian vegetative buffers, annual sedi-
ment loading, and the combined annual loading of prob-
lem toxic pollutants. Percent connected imperviousness
is also included as a factor because it is a good way of
combining the effects of all factors without having to un-
derstand the effect of each one. Target values for all of
these factors would be the basis for developing manage-
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ment alternatives. These target values will probably vary
between sub-ecoregions. The difference between the per-
formance standards for a stream and the existing values
for these factors determines the goals for reducing pollut-
ants or changing other factors.

A multi-variate statistical analysis is going to be done to
determine the importance of each one of these factors. A
great deal is already known about threshold values for
some of the factors, especially flow, temperature, and dis-
solved oxygen (Raleigh, 1986). Most of the monitoring over
the next five years will be designed to better understand
the threshold values for percent connected imperviousness
and pollutant loadings. Work has already started on the
percent connected imperviousness factor with the collec-
tion of biological data from 45 streams with different de-
grees of urbanization. A less expensive method is being
developed to estimate annual pollutant loadings. Data col-
lection has started on a project to calibrate a model de-
signed to predict stream temperature changes during a
runoff event in an urban area.

Another important product is the development of cost-
effectiveness curves for different management alternatives.
Cost-effectiveness would be based on pollutant removal
relative to different annual costs of the alternatives. Usu-
ally, a combination of practices would be included in each
alternative. Curves might vary by land use and/or type of
pollutants being controlled. The curves would identify the
least expensive alternative for the level of control desired.

All the most promising best management practices will
be tested in Wisconsin. A special emphasis will be put on
infiltration and filtration devices. We will also try to docu-
ment the water quality benefits of educating the public on
stormwater management. All the results of these efforts
will be used to calibrate SLAMM and update our stormwater
management manual.

Every environmental management program needs some
place to showcase the benefits of their efforts. This will be
essential to justifying the long-term funding commitments
required by municipalities, industries, and other groups re-
sponsible for stormwater management. Although evalua-
tion monitoring has already began at Lincoln Creek and
the Menomonee River, at least one more site is needed.
We are looking for a site where a good quality stream in
an urbanizing area could be saved by the proper use of
best management practices.

Future Types of Special Urban Monitoring
Projects

A lot of monitoring is going to be required to produce all
eight products. It is difficult at this time to describe all the
types of special monitoring projects that will be needed to
develop the eight products, but it is useful to suggest a list
of projects. About 28 special monitoring projects should
provide enough information to develop the products we
need (Table 4). Completion of all these projects will re-
quire at least five years or more to complete for a cost of at

Table 4. Future Special Urban Monitoring Projects

Question
No. Monitoring Projects

1 a. Collect biological data at test and reference sites
in all sub-ecoregions.
b. Develop IBI for small warm water streams.

2 None

3 a. Test response of organisms to different toxics in
stormwater.
b. Test response of organisms to serial dilutions of
problem toxics.
c. Test toxic response in streams with different %
connected imperviousness.

4 a. Test electronic sheet flow sampler.

b. Collect runoff from all source areas in three WI
ecoregions.

c. Measure runoff coefficients for lawns in three WI
ecoregions.

d. Evaluate relationship between lawn characteristics
and amount of runoff.

e. Measure pollutant concentrations for streets with
different traffic volumes.

f. Measure street phosphorus levels for streets with
different tree canopy.

g. Measure accumulation and washoff functions for
street solids.

h. Measure pollutant loadings during snowmelt.

5 a. Calculate amount of infiltration needed to maintain

normal baseflows.

b. Measure effect of excess runoff volumes on fish
habitat.

c. Collect all types of data in streams with different
degrees of urbanization.

d. Calibrate temperature model.

e. Evaluate importance of flow, habitat, chemistry to
quality of stream.

f. Evaluate importance of different buffer widths to
stream quality.

g. Determine how many grab samples are need to
estimate annual loading.

. Measure effectiveness of two infiltration devices.

. Measure effectiveness of high efficiency sweepers.

. Measure effectiveness of two filtration devices.

. Measure benefits of public education.

. Summarize cost of building and maintaining all
types of practices.

. Calibrate selected flow model.

g. Test controls by using historical and new fish data

from urbanizing areas.

DO 0T

—h

7 a. Measure use changes in urban and urbanizing
streams.

least $4.5 million. Work has already started on five of these
projects. Most of the other projects are just at the sugges-
tion stage.

Projects already started include (1) development of IBI
for small warm water streams, (2) determining the rela-
tionship between percent connected imperviousness and
stream quality indicators, (3) calibration of a model to pre-
dict temperature changes in an urban stream during a runoff
event, (4) developing a less expensive method of deter-
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mining annual pollutant loads, and (5) evaluating benefits
of implementing practices in urban streams.

Summary

A combination of some monitoring in every urban stream
and special urban monitoring projects is helping Wiscon-
sin retrofit urban best management practices that achieve
the designated uses of the streams for as little cost as
possible. All the monitoring activities have been designed
to answer seven stormwater management questions. Each
question relates to a type of information needed to com-
plete one or more chapters in a priority watershed plan
prepared for Wisconsin’s Nonpoint Source Program. Bio-
logical monitoring done in every urban stream identifies
the designated uses and the reasons for any of the ob-
served problems. Special urban monitoring projects en-
hance the answers to the first three questions, such as
identifying the potentially toxic pollutants, and provide an-
swers to the last four questions. Results of special projects
to determine the sources of pollutants and the effective-
ness of best management practices are most used results
in the priority watershed plans completed over the last ten
years.

Results are available from 26 special urban monitoring
projects completed over the last 17 years for a cost of about
$2.5 million. Most of these projects were completed after
1993. These results provide excellent answers to parts of
larger problems; others parts of those problems remain
unasked or unanswered. More information is especially
needed to determine goals for each priority watershed
project and to determine the best management alterna-
tives. Although it is important to continue the efforts to ret-
rofit urban areas with what we know, it is also important to
lower the risk in making future management decisions by
conducting additional monitoring projects.

Twenty-eight new special urban monitoring projects re-
sulting in eight essential products are recommended. De-
velopment of biological criteria and performance standards
for urban streams are two of the products essential to the
success of future stormwater management efforts. Work
has already started on five new special monitoring projects.
These projects will help define the use of “percent con-
nected imperviousness” as a performance standard and
provide a method for predicting the changes in stream tem-
perature during a runoff event. Another project will docu-
ment the changes in two urban streams during and after
the implementation of best management practices. Mu-
nicipalities, industries, and other groups cooperating in the
stormwater management efforts will be able to use the re-
sults of these and other new projects to improve their con-
fidence in management decisions that could cost millions
of dollars.
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Considerations and Approaches for
Monitoring the Effectiveness of Urban BMPs

Eric W. Strecker, P.E.
Woodward-Clyde
Portland, Oregon

The purposes of this paper are to 1) describe some of
the problems with typical Best Management Practice (BMP)
monitoring and effectiveness reporting and to 2) suggest
the utilization of consistent stormwater monitoring tech-
niques. This will allow the data collected on the effective-
ness of individual best management practices (BMPs), in-
cluding retrofit BMPs, to be useful for a particular site, and
to also be useful for comparing studies of similar and dif-
ferent types of BMPs in other locations. Many BMP effec-
tiveness studies in the past have provided only limited data
useful for assessing BMP design and selection on a wide
scale. This paper overviews some of the problems of past
BMP effectiveness studies from the perspective of com-
parability between studies. It suggests some of the ways
that data could be collected to make it more useful for as-
sessing factors (such as settling characteristics of inflow
solids and physical features of the BMP) that might have
led to the performance levels achieved. Finally, it also dis-
cusses other considerations that affect data transferabil-
ity, such as effectiveness estimations, statistical testing,
etc.

Introduction

Many studies have been completed which have as-
sessed the ability of stormwater treatment BMPs (e.g., wet
ponds, grass swales, stormwater wetlands, sand filters,
dry detention, etc.) to reduce pollutant concentrations and
loadings. However, in attempting to summarize the infor-
mation gathered from these individual BMP evaluations it
is very apparent that inconsistent study methods and re-
porting make wider scale assessments difficult. For ex-
ample, individual studies often included the analysis of dif-
ferent constituents and utilized different methods for data
collection and analysis. These differences alone contrib-
ute significantly to the range of BMP effectiveness reported.
This makes assessing what other factors may have con-
tributed to the variation in performance almost impossible.

In one review of the use of wetlands for stormwater pol-
lution control (Strecker et al., 1992), a summary of the lit-
erature on performance of wetland systems and the fac-
tors that may have led to the reported pollutant removals
was prepared. The literature was inconsistent with respect

to the constituents analyzed and the methods used to
gather and analyze data. A number of pieces of informa-
tion, if collected and recorded, would have improved the
ability to evaluate the effectiveness of stormwater wetlands
as BMPs and facilitated the transfer of that knowledge into
better design practices. Urbonas (1994 and 1995) and
Strecker (1994) summarized the information that should
be recorded about the physical, climatic, and geological
parameters which likely affect the performance of a BMP,
and considerations regarding sampling and analysis meth-
ods. This paper presents 1) a suggested list of constitu-
ents for analysis along with recommendations for report-
ing data, 2) methods of reporting pollutant removal effi-
ciencies, 3) a brief discussion of statistical approaches to
selecting the number of samples needed, 4) methods for
including detection limit data, 5) sample collection consid-
erations, and 6) the need for dry weather assessments.

BMP Performance Study Inconsistencies

Studies of BMP effectiveness have utilized significantly
different:

« Sample collection techniques (e.g., from sample col-
lection types (grab, composite, etc.), flow measure-
ment techniques, to how the sample was composited,
etc.);

Constituents, including: chemical species, methods
(detection limits), form (e.g., dissolved vs. total, vs. total
recoverable, etc.), and treatment potential;

Data reporting on tributary watershed and BMP de-
sign characteristics ( e.g., tributary area or watershed
attributes such as percent impervious, land use cat-
egories, rainfall statistics, etc.);

Effectiveness estimation (at least four techniques have
been utilized to assess effectiveness which can cause
significant differences in pollutant removal reporting,
with the same set of data), and potential alternatives
to reporting just concentration/loading reductions; and

« Statistical validation of results (typical lack of statisti-
cal tests to determine if the reported removal efficiency
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can in fact be shown to be statistically different than
zero).

Any of the above topics would require an in-depth dis-
cussion beyond the scope of this paper to fully explain.
Therefore, this paper will present a brief overview of each
of these and some potential solutions to improving how
data is collected. EPA together with ASCE is currently de-
veloping a set of protocols and a database on BMP perfor-
mance studies with the purpose of improving the consis-
tency of BMP monitoring information. This project includes:

« Developing Protocols for BMP Monitoring

» Conducting an evaluation of existing information to
assist the EPA Wet Weather FACA and contribute to
EPA's Stormwater Toolbox (as identified in Draft Phase
Il Stormwater Regulation Preamble)

« Developing a data base on BMP performance studies

The overall goal is to improve the BMP effectiveness
information base to:

» Develop information to improve designs
« Improve performance information

The data base specifies a chosen set of reporting infor-
mation, but does not tell how to develop such information.
For example, it does not specify what a flow-weighted com-
posite sample is and how it should be collected. The next
step beyond the EPA protocols and data base effort should
be a guidance document on monitoring data collection strat-
egies and techniques to improve their consistency and
transferability. It should be recognized that with the devel-
opment of the database and the protocols, it will be a num-
ber of years (5 to 10) before significant new studies on
BMPs are conducted utilizing the protocols to allow for a
more rigorous evaluation of BMP selection and design fac-
tors.

Sample Collection Techniques

The differences among sample collection techniques
alone is enough to make comparing different studies ques-
tionable. These include differences among how flows are
measured to how samples are composited to formulate an
“event mean concentration.” Some studies have utilized
grab samples, and the results of these studies in evaluat-
ing BMP performance are limited. Typically studies will in-
clude the collection of flow-weighted composite samples
(either automated or hand collected). These studies involve
various techniques (often not reported very well) for mea-
suring flows. The flow measurements themselves are sub-
ject to a large variation.

The Federal Highway Administration is currently conduct-
ing a study of monitoring techniques for characterizing
stormwater runoff hydrology and water quality from high-
ways. The study, being completed by Woodward-Clyde,
included a component conducted by the USGS

(Waschbusch and Owens, 1998) which addressed the
potential differences in flow measurement techniques in a
pipe system in Madison, WI. An in-depth dye-dilution
method was utilized to calibrate a Palmer-Bowlus flume
with a bubbler pressure measurement. The study evalu-
ated 23 flow measurement techniques including commer-
cially available packages and individual component sys-
tems.

Figure 1 is a summary of the results of flow measure-
ments, showing the average percent differences from the
calibrated flume. These data summarize 50 storm events
which were measured over a 6-month period. As the fig-
ure demonstrates, the error in flow measurements is eas-
ily on the order of plus or minus 25% over a range of storms.
The flow measurements for individual storms varied even
more. If samples are composited based upon flows (either
using automated or using grab samples), they are subject
to an error in collection times (for automated systems) or
in composited amounts (grab sample composited) and
therefore could result in errors in estimates of event mean
concentrations (especially for constituents which vary over
the course of a storm event). It should be strongly noted
that these results are for one site only and should not be
interpreted as indicative of how any particular system iden-
tified might perform at another site. It is imperative that
researchers thoroughly evaluate potential flow measure-
ment alternatives and implement the method that will re-
sult in the best information possible.

Another aspect of the study addressed how many
samples should be collected to compile a “flow-weighted”
composite sample. Figure 2 demonstrates the large vari-
ability in sampler bottle configurations. These configura-
tions often drive researchers into selecting the number of
“grab” composite samples to collect. For example, in the
NPDES monitoring for Texas (Brush, et al., 1994), the cho-
sen strategy was to collect one sample into each bottle of
the 8-bottle configuration (this was successful if it rained
sufficiently). In the Portland and Eugene NPDES Sampling
(WCC 1993a and WCC 1993b), an attempt was made to
collect 24 “grab” samples during the course of an event.
Figure 3 shows a typical storm event from the Portland
program and specifically the points at which a sample was
collected. From the variability in flows observed, one can
surmise the pollutant concentrations were also fluctuating
extensively (later confirmed by within-storm sampling).
Having only eight samples during this event may not have
accurately characterized the event mean concentration
(EMC). Collecting three times the samples to “construct” a
flow-weighted sample would appear to reduce the chances
of anomalies (variability) during a storm event influencing
the overall estimate of the average concentration. Early
results from our FHWA study indicate that one should at-
tempt to collect at least 12 to 16 individual samples to form
a composite sample.

The study also has evaluated the potential effects of
sample lift (e.g. pumping up from underground or from
stream bottoms) and has found that the newer samplers
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Figure 1. Boxplot of the percent differences between total storm volumes computed using various flow estimation methods and the total storm
volume of the bubbler approach rated discharge (bold line at 0%). (Waschbusch and Owens, 1998).

67



3 Gal.
Polyethylene Container

2.5 Gal.
Glass Container ————

(24) 575 ml
Polyethylene Bottles

4 Gal.

Polyethylene Container —_—

5.5 Gal.
Polyethylene Container

(8) 2.3 Liter

Polyethylene Bottles

(8) 1.9 Liter
Glass Bottles

(24) 1 Liter

Polyethylene Bottles

(24) 350 ml
Glass Bottles

Figure 2. Typical automated sampling bottle configuration options.
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Flow and Rainfall Results for Station C1
Storm 4, December 5-7, 1991
(Data begin at 8:00 Thursday, 12/5)
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Figure 3.
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Typical hydrograph indicating measured rainfall, runoff, and water sample collection times from automated flow and water quality

sampling for the Portland NPDES Stormwater Monitoring Program.

(with stronger pumps) do not appear to cause any separa-
tion of suspended solids as they are lifted up to 20 feet. At
the end of the study, a guidance document on sampling of
highway runoff will be developed. These are just some of
the numerous differences in sampling methods that could
lead to differences in results between BMP studies.

Constituents Assessed

A very wide variety of pollutants have been analyzed in
both BMP studies and characterizations studies. The EPA
protocols study has developed a recommended set of con-
stituents for BMP testing programs. These were developed
from the review of previous studies and an understanding
of costs and likelihood of providing meaningful results. Be-
low is a discussion of how these constituents were se-
lected (adapted from Strecker, 1994).

Since NURP and prior to the Phase | Stormwater NPDES
monitoring programs, there have been a number of stud-
ies which continued to assess pollutant concentrations in
stormwater runoff. These included the Federal Highway
Administration’s highway runoff program (Driscoll et al.,
1990) and some selected studies done in a few locations.

These studies typically were not consistent with the stan-
dard NURP protocols. Based upon the 1987 amendments
to the Clean Water Act, EPA required operators of munici-
pal separate storm drainage systems that served popula-
tions of over 100,000 to collect flow-weighted composites
at a minimum of five stations to characterize residential,
commercial, and industrial runoff quality. Only a few addi-
tional parameters have been identified as “problems” in
stormwater, based upon these post-NURP studies (this
despite the improved analytical methods that have become
available for conducting laboratory analyses). In addition,
NURP focused primarily on residential and commercial land
uses, while NPDES testing included industrial land uses
which were suspected of having more pollutants present.

However, there has not been a comprehensive review
by EPA or others of the newly collected stormwater infor-
mation to assess the results of requiring the analysis of
over 130 constituents, including priority pollutants. This type
of review is needed. EPA's requirements included moni-
toring three storms at selected stations. This number of
storms is only useful for identifying potential problem pol-
lutants. Statistically, these are not enough data to perform
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a meaningful regional or other factor analyses of urban
stormwater concentrations, although they could provide
useful information on rates of detection. This analysis would
be helpful in selecting constituents for BMP monitoring.

The choice of constituents to include as “standard pol-
lutants” is a subjective one. As an example, some would
argue that cost should be a primary consideration; others
would say that it should not. In making the recommended
list of monitoring constituents, the following characteris-
tics were considered:

» The pollutant is prevalent in typical urban stormwater
at concentrations that could cause water quality im-
pairment.

« The analytical test can be related back to potential
water quality impairment.

» Sampling methods for the pollutant are straightforward
and reliable for a moderately careful investigator.

« Analysis of the pollutant is economical on a widespread
basis.

» The pollutant is one for which treatment is a viable
option.

Not all of the pollutants recommended fully meet all of
the factors listed above; however, the factors were consid-
ered in the recommendations. When developing a list of
pollutant analyses for an individual BMP evaluation, it is
important to consider the upstream land use activities. The
parameters recommended below are present and of con-
cern in “typical” urban stormwater.

The Nationwide Urban Runoff Program (NURP) (EPA,
1983), which included monitoring of land use runoff and
BMP performance at over 28 cities nationwide, adopted
consistent data collection methods and analytical param-
eters. Results from the NURP program could be used to
evaluate similarities and differences in pollutant concen-
trations in urban stormwater from different and similar land
uses, and could be used to explain what might be causing
these differences. The following pollutants were adopted
by NURP as “standard pollutants characterizing urban run-
off”:

TSS Total suspended solids

BOD Biochemical oxygen demand
COD Chemical oxygen demand
TP Total Phosphorus

SP Soluble phosphorus

TKN Total Kjeldahl nitrogen (as N)
NO, + NO, Nitrate + nitrite (as N)

Cu Copper

PB Lead

ZN Zinc

Oil and grease was not included because of the diffi-
culty in obtaining representative samples. On a less con-
sistent basis, NURP also monitored for pollutants includ-

ing other metals, dissolved metals, semi-volatile organics,
volatile organics, pesticides, and herbicides.

Presented below is a brief discussion, by group, of the
pollutants that are recommended to be included in a base
list, then several that may occasionally be recommended.

Total Suspended Solids (TSS). The term “suspended
solids” is descriptive of the organic and inorganic particu-
late matter which is of a size and type that allows the par-
ticles to stay suspended in water. The solids load in a
waterbody is influenced by a number of factors including
but not limited to: particle sizes, stream flows, climate,
geology, and vegetation of each drainage system. The
conditions under which suspended solids are considered
a pollutant is a matter of definition. In general, suspended
solids are considered a pollutant when they significantly
exceed natural concentrations and have a detrimental ef-
fect on water quality and/or beneficial uses of the water
body.

Suspended sediments are often used as a surrogate for
other contaminants which bind or adsorb easily with fine
particulate matter, including heavy metals. Although TSS
is often highly correlated with other parameters, it is gen-
erally not a strong enough correlation to eliminate the need
to address other parameters specifically. Figure 4 shows
the relationship between TSS and zinc for pooled
stormwater runoff monitoring data from all ten stations
monitored in Portland, Oregon for the NPDES program
(WCC, 1993a) and from the seven stations that were from
piped systems. Although the relationship is statistically sig-
nificant (R? of .38 for piped stations), it does not explain a
significant amount of the variability. Similar results were
found for almost all other parameters. It should be noted
that for individual stations, the relationships between TSS
and many pollutants were sometimes much higher, but this
would mean that one would have to monitor enough times
to establish the relationship. Therefore, TSS does not ap-
pear to be a good predictor of other pollutants, without
significant data collected from each station. However, TSS
is one good indicator of pollutant removal efficiency (e.g.,
because of the tendency for many pollutants to be associ-
ated with fine particulates) and should be included in any
evaluation of BMP performance.

Many BMPs rely on sedimentation as the primary pollut-
ant removal mechanism. It is recommended that samples
also be analyzed for some measure of the expected set-
tling rate (treatment potential) of TSS. The performance of
a BMP that relies on sedimentation and even filtering can
be greatly affected by the particle sizes and densities
present in the influent. If the influent TSS is characterized
by very small particle sizes, and therefore slow settling
velocities, it will be much more difficult to treat. The settle-
ability of influent solids has not been adequately addressed
in performance comparisons, and may be one of the sig-
nificant reasons that measured performance varies so
highly from similar BMP to BMP.

For consideration, the particle size distribution in street
dirt found in Sartor and Boyd (1972), as shown in Table 1,
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Regression Plot: Zinc (Zn) vs TSS
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Figure 4.

Natural logarithm regression plots of zinc (Zn as In(mg/l)) vs. total suspended solids (TSS) for pooled Portland, OR stormwater

monitoring event mean concentration data. (Woodward-Clyde Consultants, 1993a)

might be an appropriate gauge of the “treatment potential”
of stormwater. As Table 1 indicates, these distributions vary
considerably from city to city and likely from site to site.
One can easily surmise that if testing were performed on
similar catchments and BMP designs, that there could be
a large difference in BMP performance results from these
sites just due to the particle size differences alone. An-
other potential measure of the treatment potential would
be information from settling column tests as those dis-
cussed by EPA in its manual on combined sewer overflow
control (EPA, 1993a).

Oxygen Demand. Oxygen demand refers to the amount
of oxygen that will be consumed by biological or chemical

reactions involving organic compounds. The decomposi-
tion of biodegradable materials by natural soil and water
bacteria draws upon the dissolved oxygen resources of a
water body. This process is countered by natural re-aera-
tion processes that occur in all water bodies to varying
degrees. Significant reductions in dissolved oxygen con-
centrations can result when the demand rate exceeds the
rate of replenishment through re-aeration. In general, mod-
erately high dissolved oxygen content is necessary for the
maintenance of healthy aquatic ecosystems. The relation-
ship of oxygen-consuming discharges to the amount of
dissolved oxygen in a receiving water body, therefore, is
fundamental to the maintenance of environmental quality
in natural water bodies. However, the tests available for
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Table 1. Particle Size Fractions of Street Dirt from Selected Locations.

Size

Ranges Milwaukee Bucyrus Baltimore Atlanta Tulsa
>4800 p 12.0% -% 17.4% -% -%
2000 - 4800 p 121 10.1 4.6 14.8 37.1
840 - 2000 p 40.8 7.3 6.0 6.6 9.4
246 -840 n 20.4 20.9 223 30.9 16.7
104 - 246 p 5.5 155 20.3 29.5 17.1
43-104 p 13 20.3 115 10.1 12.0
30-43p 4.2 13.3 10.1 5.1 3.7
14-30 2.0 7.9 4.4 1.8 3.0
4-14p 1.2 4.7 2.6 0.9 0.9
>4 0.5 - 0.9 0.3 0.1
Sand %,

43 - 3800 p 92.1 74.1 82.1 91.9 92.3
Silt %,

4-43p 7.4 25.9 171 7.8 7.6
Clay %,

<4 0.5 - 0.9 0.3 0.1

Note: g = microns
Source: Sartor and Boyd, 1972

assessing oxygen demand are not straightforward indica-
tors of potential problems.

Biochemical Oxygen Demand (BOD). The 5-day BOD

test provides an indirect measure of the quantity of bio-
logically degradable organic matter in water in terms of
the amount of oxygen required by microorganisms to oxi-
dize it to carbon dioxide and water. The BOD test is quite
variable. A number of factors can affect results, including
the quality of the seed culture utilized in the test. The BOD
test can also be inhibited by toxicants in the sample, which
may react differently once the runoff mixes with the receiv-
ing water. The levels of BOD that are normally found in
urban stormwater are near detection limits for the BOD
test. Therefore, they are subject to wide variation. There-
fore BOD has not been recommended as a parameter.
Instead, TOC (Total Organic Carbon) has been identified
as a more consistent measure of available organic mate-
rial, which could be contributing to oxygen demand.

Chemical Oxygen Demand (COD). The COD test pro-
vides a more rapid and consistent measure of oxygen de-
mand than BOD tests. The consumption of oxygen from
an introduced strongly oxidizing chemical agent is mea-
sured by this test. As a result, it typically measures appre-
ciably higher levels of oxygen demand than will be pro-
duced by biological decomposition because it oxidizes
some organic compounds that are not biodegradable, and
may also react with inorganic compounds as well. In ur-
ban stormwater, for example, COD levels are typically found
to be about 8 to 10 times greater than BOD levels. COD
measures a “maximum possible,” but not probable, oxy-
gen demand.

Nutrients. Nutrients are necessary for the growth and
support of biota in natural water systems. Excessive quanti-
ties can result in the over-stimulation of biological growth

and the creation of objectionable water quality conditions
(eutrophication). Some forms of nutrients can also be toxic
(e.g., ammonia). In general, the most important nutrient
factors causing an acceleration in algal production are ni-
trogen compounds and phosphorus.

Nitrogen. Nonpoint sources of nitrogen include lawn fer-
tilizers, leachate from waste disposal in dumps or sanitary
landfills, atmospheric fallout, nitrite discharges from auto-
mobile exhausts and other combustion processes, natural
sources such as mineralization of soil organic matter, and
farm-site fertilizers and animal wastes. Many water treat-
ment methods have no significant effect on nitrate removal
from water (Dunne and Leopold, 1978).

Three forms of nitrogen have been analyzed extensively
in stormwater runoff water quality studies. These are ni-
trite plus nitrate (NO, + NO,), ammonia nitrogen (NH,),
and total Kjeldahl nitrogen (TKN). The latter, named after
the analytical test procedure, provides a measure of am-
monia and organic nitrogen forms that are present. The
first (NO, + NO,) provides a measure of the inorganic ni-
trogen. There is usually very little nitrite in stormwater. Ni-
trate (NO,) is very mobile and is usually difficult to treat
utilizing stormwater BMPs. Ammonia nitrogen can be toxic
to aquatic life. It can be assessed for toxicity to aquatic life
with data on pH and temperature. The inorganic (NO, +
NO,) and ammonia nitrogen are recommended. All forms
should be reported as mass of nitrogen (N).

Phosphorus. Phosphorus is used by algae and higher
aqguatic plants and may be stored in excess of use within
plant cells. With decomposition of plant cells, some phos-
phorus may be released immediately through bacterial
action for recycling within the biotic community, while the
remainder may be deposited with sediments.
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Phosphorus enters waterways from many of the same
sources as nitrogen. Domestic sewage contains significant
concentrations of phosphorus which are contributed by
detergents and human wastes. Primary and secondary
treatment processes normally remove only about 20 to 30%
of this element from sewage (Dunne and Leopold, 1978).
Fertilizers and the erosion of soils rich in phosphorus can
also be a potential source.

Three forms of phosphorus have been somewhat rou-
tinely analyzed in stormwater runoff studies. These include
total phosphorus (TP), soluble phosphorus (SP), and ortho-
phosphate (OP). Ortho-phosphate indicates the phospho-
rus that is most immediately biologically available. Soluble
phosphorus includes both the ortho-phosphate and a frac-
tion of the organic phosphorus. Most all of the SP is usu-
ally OP, however. Total phosphorus includes phosphorus
in the forms that may not be as readily biologically avail-
able plus the forms discussed above. TP and OP are rec-
ommended for inclusion in a monitoring program, as they
characterize both the total and bioavailable forms of phos-
phorus. All forms should be reported as mass of phospho-
rus (P).

Metals. Heavy metals such as copper, lead, and zinc
are naturally released in very small quantities by the weath-
ering of exposed soils and mineral deposits, corroding
metal surfaces, decomposing paints, and certain corrosion-
control compounds. Heavy metals tend to have compara-
tively low solubilities and are often mobilized by forming
soluble complexes with humic materials or by becoming
attached to clay particles. Heavy metals have been con-
sistently identified as the most significant toxics found in
urban stormwater and often exceed water quality criteria
for aquatic life.

These metals are present in the biosphere as trace ele-
ments and are micronutrients necessary for plant and ani-
mal growth. Heavy metals are of concern because elevated
concentration levels of soluble forms in natural water bod-
ies can produce toxic effects in biota. Sources include do-
mestic and industrial point-source discharges, urban
stormwater runoff, and direct atmospheric deposition. In
this paper, copper (Cu), lead (Pb), zinc (Zn), and cadmium
(Cd) have been recommended for inclusion in a monitor-
ing program because stormwater runoff water quality stud-
ies conducted at many urban locations have indicated that
these metals are almost always present, and are at con-
centrations which tend to be elevated, relative to other
heavy metals. They also can be used as surrogates for
other heavy metals, as they tend to display the range of
transport characteristics for heavy metals. However, other
heavy metals should be analyzed if there are known
sources of significant quantities of these metals in influent
flows.

Itis recommended that both the total and dissolved form
of each be analyzed. Based upon EPA’'s recommendation,
the dissolved fraction should be compared to water quality
criteria, with modifications to the criteria as noted in EPA
(1993b). To compare data to criteria, hardness should be

measured for each sample. Too often, metals data are
compared to criteria using an average hardness value not
directly associated with the monitoring, and not associ-
ated with storm events. In the Williamatte Valley of Or-
egon, stormwater sampling has shown that hardness val-
ues during storm events are quite low, which results in low
criteria values.

Total concentrations are valuable in assessing the over-
all reduction of the heavy metal in both soluble and par-
ticulate forms. There is a concern about the long-term
bioavailability of these metals in sediments and sediment
standards are beginning to be developed and implemented.

When conducting these tests, it is recommended that
low detection limits be achieved. For copper, lead, and zinc,
the detection limit should be 1 pg/l and for cadmium 0.2
pa/l. This will minimize problems with analyses that include
below detection limit data, which can severely impact per-
formance evaluations. Special “clean” procedures will be
necessary to achieve low detection limits, both in the labo-
ratory and in the field.

Too often, BMP effectiveness for metals is estimated
based upon data that is very near or below detection. This
is troublesome when both the inflow and outflow concen-
trations are at or near detection, and effectiveness is based
upon a storm-by-storm comparison of loads or concentra-
tions. It is recommended that if both the influent and efflu-
ent concentration are within five times the method detec-
tion limit, the pollutant data pair not be considered in the
effectiveness analysis if a storm-by-storm method is used.
If statistical characterizations of the inflow and the outflow
concentrations are utilized to assess effectiveness and
some of the data are below detection, appropriate tech-
niques should be utilized. Driscoll et al. (1990) describes a
method to address detection limit data. The setting of be-
low-detection values to 0 or 1/2 the detection limit or the
detection limit, will typically lead to an underestimation of
the mean.

Oil and Grease. Oil and grease is a prevalent constitu-
ent in urban runoff and often exceeds discharge limits set
by states (such as 10 mg/l in Oregon for industrial
stormwater permits). In a study of oil and grease concen-
trations in urban runoff in Richmond, California, Stenstrom
et al. (1984) found that oil and grease concentrations in
runoff from commercial properties and parking lots are
about three times higher than from residential and open
areas. The NURP program did not address oil and grease
as a standard constituent. Accurately measuring oil and
grease is very difficult due to its affinity for coating sam-
pling bottles and sampling tubes and its highly non-uni-
form distribution in the water column (except in the most
turbulent situations). Other tests include total petroleum
hydrocarbons, which measure the petroleum based frac-
tion of oil and grease. Other sources of oil and grease in-
clude animal and vegetable. For BMPs which are designed
to address oil and grease, it is suggested that some mul-
tiple, within a storm, grab sample analyses would be ap-
propriate. For most BMPs, it is recommended that the
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parameter be optional. If completed, the TPH evaluation
is recommended as the most appropriate measure to gauge
effectiveness of a BMP at reducing man-induced sources
of petroleum oil and greases.

Pesticides/Herbicides. Pesticides and herbicides are
regularly detected in urban runoff. However, the number
of constituents usually detected is low and most often at
levels below available criteria. In Portland, Oregon (WCC,
1993a) the frequency of detection of pesticides herbicides
was less than 1% of all the pesticides and herbicides tested.
However, the city has noted locations where pesticide con-
centrations in sediments are high. This could indicate that
the problem might be due to misuse or dumping, rather
than a general stormwater problem. Although it is possible
that pesticides accumulate in sediments from low concen-
trations in stormwater, some regional assessments of the
effectiveness of source control measures (education, iden-
tification and elimination of dumping problems) are needed.
The Alameda County, CA monitoring program (Cooke and
Lee, 1993) and other studies have recently identified that
the pesticide Diazinon may be a primary cause of toxicity
at very low concentrations (below 8140 method detection
limits) to cerodaphrin dubiain receiving streams in the south
bay area of San Francisco. More research is needed to
further define the level of this problem in relation to the
actual instream biota, rather than test organisms. At this
time, | would not recommend including the pesticide in a
standard list, but research studies on the magnitude of the
problem and the effectiveness of BMPs on these pesti-
cides should be performed. Due to the low values at which
these constituents can cause problems, it would be very
difficult to assess BMP performance on a wide-scale ba-
sis. For example, it may be more appropriate to eliminate
or control the use of Diazinon rather than research BMP
effectiveness on concentrations that are below 1 ppb.

Volatile and Semi-Volatile Organics. These pollutants
have not generally been detected at a high frequency and
in quantities that exceed available criteria [with the excep-
tion of Polynuclear Aromatic Hydrocarbons (PAHSs), which
are discussed separately]. In the recent City of Portland
and Eugene sampling programs (WCC, 1993a and 1993b)
detection rates were less than 2% of all the tested con-
stituents and below all available criteria. These parameters
are not recommended for general analysis unless a BMP
effectiveness study is being conducted in an industrial area
suspected or known to have elevated levels of organics.

Polynuclear Aromatic Hydrocarbons. The carcinogenic
properties of PAHs have generated increased interest in
the study of their sources, transport, fate, and aquatic tox-
icity. Major sources include the combustion of fossil fuels,
uncombusted petroleum products (fuels, etc.), and natu-
ral and man-caused fires. PAHs have recently been ana-
lyzed utilizing detection levels that are significantly below
those achieved utilizing the standard semi-volatile organic
scans (WCC, 1993a and 1993b; Cooke and Lee, 1993).
These tests (GC-MS methods at the nanogram per liter
level) have shown that PAHSs in stormwater are above hu-

man consumption criteria by significant amounts (up to over
100 times). However, these tests are specialized (only a
few laboratories provide this level of analysis) and expen-
sive (about $500 to $600 per analysis). In addition, there
are no criteria for aquatic life, and toxicity identification
evaluations performed in the San Francisco Bay Area have
not identified PAHs as the source of toxicity in either de-
veloped land-use runoff or in stream stations. For these
reasons, PAHs are not recommended for the standard list
of constituents to be monitored. However, because of their
carcinogenic nature and their tendency to bioaccumulate,
new studies may identify potential long-term aquatic life
impacts that may require reevaluation of this recommen-
dation.

Data Reporting

Practical and technical data reporting considerations,
including consistent formatting of data, the clear indication
of QA/QC results, standard comparisons to water quality
criteria, reporting of tributary watershed characteristics, and
BMP design information would facilitate data usefulness.
The last two items are considered critical for evaluation of
what contributed to BMP effectiveness in one location over
another.

Data Formatting. It is recommended that all constituent
concentration data be reported as event mean concentra-
tions (EMCs). Table 2 is an example format for reporting
storm event EMCs. It indicates the date of the storm, the
EMC value for each sampling point, the data that are esti-
mates based upon QA/QC evaluations, method used for
analysis, and detection limit achieved. Also included are
summary statistics of the EMCs. These statistics should
be based on use of the lognormal distribution. The NURP
and FHWA studies (EPA, 1983; Driscoll et al., 1983) iden-
tified the lognormal distribution as suitable for characteriz-
ing EMC distributions. An example of the variability in data
is shown in Figure 5. The figure shows a log-probability
plot for total copper collected at a commercial land use
station. The event mean concentrations ranged from 6 to
70 pg/l. This high degree of variability is why proper statis-
tical techniques should be employed to evaluate whether
a measured difference between BMP before/after or in-
put/output is truly different.

The inclusion of outlet data as a part of any paper or
report will allow comparisons of typical outlet concentra-
tions and may allow the determination of the lowest or av-
erage expected concentration from a particular type of BMP.
For example, it may be that wet ponds may only be able to
treat to some minimum concentration range at the outlet
and the “effectiveness” is greatly impacted by the inlet con-
centrations.

Quality Assurance/Quality Control (QA/QC). All monitor-

ing studies should include a QA/QC program. The results
of the QA/QC program should be reported in monitoring
study reports and summarized in papers. It is especially
important to discuss when data are characterized as esti-
mates due to QA/QC results and when detection limits were
affected. Too often this information is not included.
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Table 2. Example Data Reporting Table from Eugene NPDES Monitoring Summary Report (Woodward-Clyde Consultants, 1993b)

Chromium (mg/L) Method EPA 7191 Receiving Water Quality Criteria**
Storm Event Date Sample R-1 C-1 -1 1-2 M-1 M-2 Detection Limit
#1 9/23/92 0.034 0.016 0.031 0.008 0.003 0.001
#2 12/5/92 0.005 0.005 0.003 0.001 0.001
#3 12/16/92 0.004 0.004 0.008 0.009 0.003 0.001
#4 1/19/93 0.004 0.012 0.019 0.011 0.008 0.004 0.001
#5 3/14/93 0.003 0.006 0.020 0.017 0.004 0.007 0.001
#6
#7
#8
Median 0.006 0.008 0.014 0.008 0.003 0.004
cov 1.27 0.70 0.86 0.71 - 0.42
Mean 0.010 0.010 0.018 0.010 - 0.004
Copper (mg/L) Method EPA 6010 Receiving Water Quality Criteria**
Storm Event Date Sample R-1 C-1 -1 1-2 M-1 M-2 Detection Limit
#1 9/23/92 0.081 0.130 0.071 0.016 0.019 0.001
#2 12/5/92 0.004 0.01 0.01 0.009 0.001
#3 12/16/92 0.011 0.016 0.037 0.03 0.009 0.004
#4 1/19/93 0.009 0.046 0.076 0.034 0.027 0.012 0.003
#5 3/14/93 <0.030 0.027 0.034 0.025 0.020 <0.030 0.004
#6
#7
#8
Median 0.012 0.040 0.037 0.021 0.017 0.013
cov 2.03 111 0.97 0.54 - -
Mean 0.030 0.060 0.051 0.024 - -

Results expressed as mg/L (ppm) unless otherwise noted. COV is the Coefficient of Variation. ** Criteria are hardness dependent.
“nd” means none detected at or above the detection limit listed. If no value is shown, the lab analysis was not performed.

Summary statistics are based on the assumption that the samples of EMCs are lognormally distributed.
Italicized values are considered estimates due to QA/QC review but are included in the calculations.

Individual Station Variability
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Figure 5. Example log probability plot of storm event mean concentrations from data collected by the Los Angeles County Stormwater Monitoring
Program at the Santa Monica Pier (Santa Monica, CA) Commercial Land Use Station.
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Comparisons to Water Quality Criteria. Another method

to gauge effectiveness could be to monitor how the BMP
effects the number of times that criteria are exceeded in
both the inflow and the outflow, to assess how the BMP
reduces (or does not reduce) the frequency of storm events
where water quality criteria are exceeded. For heavy met-
als analyses, itis recommended that hardness be collected
for all storms monitored and that comparisons to criteria
be made utilizing the dissolved fraction with the computed
aquatic criteria as modified by EPA (1993b). Figure 6 pre-
sents an example presentation of metals exceedances for
data collected in Portland, OR (WCC 1993a). These data
could be compared to BMP data for exceedances to de-
termine whether or not a BMP was actually reducing po-
tential toxicity.

Watershed BMP_Design Parameters. Urbonas (1995)
described information that should be collected regarding
the physical, climatic, and geologic parameters, which in-
clude watershed and BMP design characteristics that could
likely affect the performance of a BMP. Table 3 (Strecker
and Urbonas, 1995) presents a summary of these param-
eters. More detailed and updated lists will be published
upon completion of the EPA study referenced earlier.

Estimation of Pollutant Removal
Effectiveness

BMP pollutant removal effectiveness estimations are not
straightforward and a wide variety of methods have been

employed. Martin and Smoot (1986) discussed the follow-
ing three types of methods to compute efficiencies:

« The first method employs an efficiency ratio (ER), which
is defined in terms of the average event mean con-

centration (EMC) of pollutants from inflows and out-
flows, thus:

ER =1 - Average outlet EMC
Average inlet EMC

* The second method is based on the summation of
loads (SOL) of pollutants removed during the moni-
tored storms, thus:

SOL =1 - Sum of outlet loads
Sum of inlet loads

« The third method of determining efficiency, developed
by Martin and Smoot (1986), defines the ratio as the
slope of a simple linear regression of inlet loads and
outlet loads of pollutants. The equation for the regres-
sion of loads (ROL) efficiency is thus:

Loads in = 3 - Loads out

where 3 equals the slope of the regression line, with
the intercept constrained at zero.

The ER and SOL methods assume that monitored storms
include samples representative of all storms that occur.
The SOL method assumes that enough samples were col-
lected so that any significant input loads or output loads
were not missed. They are different in that one gauges
effectiveness in terms of concentration reduction, while the
other gauges effectiveness in terms of load of pollutant
removed. The ROL method assumes that the treatment
efficiency is the same for all storms, which is likely not the
case.
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Frequency of water quality criteria exceedances of Oregon urban stormwater data collected for the Municipal Stormwater NPDES

76



Table 3. Parameters to Report with Water Quality Data for Various BMPs

Parameter
Type

Retention
(Wet)

Parameter

)

Pond
(2

Extended
Detention

Basin

(©)

Pond
Basin

4)

Wetland Grass/Swale

Wetland
Channel

®)

Sand/Leaf
Compost

Filter
(6)

Oil &

Sand Trap

(Vault)
M

Infiltration
and
Percolation

®)

Tributary
Watershed

General
Hydrology

Water

General
Facility

Wet Pool

Tributary watershed area

Total tributary watershed impervious
percentage

Percent of impervious area hyd.
connected

Gultter, sewer, swale, ditches in watershed?

Land use types (res, comm, ind. open) and
acreages

Average storm runoff volume

50th percentile storm runoff volume
Coefficient of variation of runoff volumes
Average daily base flow volume

Average runoff interevent time

50th percentile interevent time
Coefficient of variation of interevent times
Average storm duration

50th percentile storm duration
Coefficient of variation of storm durations
2-year flood peak velocity

Depth high groundwater of impermeable
layer

Water temperature
Alkalinity, hardness and pH

Sediment setting velocity distribution,
when available

Facility on- or off-line?

If off-line, amount of flow bypassed annually
Type and frequency of maintenance

Inlet and outlet dimensions and details
Solar radiation, when available

Volume of permanent pool

Permanent pool surface area

Littoral zone surface area

Length of permanent pool
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Table 3. Continued

Retention Extended Wetland Grass/Swale Sand/Leaf Ol & Infiltration
(Wet) Detention Pond Wetland Compost  Sand Trap and
Parameter Parameter Pond Basin Basin Channel Filter (Vault) Percolation
Type (1) 2 3 4 (5) (6) Q] (®)
Detention Detention (or surcharge) volume . . . . . .
Volume
Detention basin’s surface area . . . . . .
Length of detention basin . . . . .
Brimfull emptying time . . . . . .
Half-brimfull emptying time . . . . . .
Bottom stage volume .
Bottom stage surface area .
Pre- Forebay volume . . . . . .
Treatment
Forebay length . . . . . .
Other BMPs upstream? . . . . . . .
Wetland Wetland type, rock filter present? . .
Plant

Percent of wetland surface at P, and
P, depths

Meadow wetland surface area

Plant species and age of facility

Adapted from Urbonas (1995)

Some researchers have suggested that one should uti-
lize an efficiency measure based upon storm pollutant loads
into and out of the BMP on a storm-by-storm basis. This
would weight the effectiveness considering that all storms
are “equal” in computing the average removal. However, it
is readily apparent that all storm volumes and their associ-
ated concentrations are not equal. Similarly one could uti-
lize concentrations on a storm-by-storm basis.

One factor that complicates the estimation of effective-
ness is that, for wet ponds and wetlands (and other BMPs
where there is a permanent pool), comparing effectiveness
on a storm-by-storm basis neglects the fact that the out-
flow being measured may have a limited or no relationship
to the inflow. In analysis of rain gauges utilizing SYNOP
(Driscaoll, et al., 1989), if a basin sized to have a perma-
nent pool equal to the average storm, about 60 to 70% of
the storms would be less than this volume. In many cases,
the flows leaving may have little or no contribution to flows
entering the pond. Therefore, storm-to-storm comparisons
are probably not valid. In cases like this, it is probably more
appropriate to utilize statistical characterizations of the in-
flow and outflow concentrations to evaluate effectiveness
or, if enough samples are collected (i.e., almost all storms
monitored), to utilize total loads into and out of the BMP.

Using the same set of data, Table 4 compares three of
the methods including percent removal by storm with a

statistical characterization of inflow/outflow concentration
and a simple comparison of total loads in and out for the
sampled storms. As one can see, the removals estimated
differ by up to 19 percentage points. In this record, there
are several storm events where inflow concentrations were
relatively low and therefore the system was not “effective”.

Based upon these factors, it is recommended that the
statistical characterization of inflows vs. outflows be uti-
lized (ER). This enhances the ability to conduct statistical
tests of whether the reported differences are greater than
zero. If enough data on storms are collected (e.g. continu-
ous samples over an extended period), the total loads in
and out (SOL) is probably an acceptable method also.

BMP Evaluations — Statistical
Considerations

As noted in many studies of urban runoff, the variability
in runoff concentrations from event to event is large. If one
were to attempt to statistically characterize a BMP influent
concentration (and outflow), the more data the better, Fig-
ure 7 is a schematic of how more data can improve (re-
duce confidence interval of) results. As mentioned above,
there are a number of types of BMP evaluations that can
be conducted. First, the standard evaluation of a single
BMP, testing input and output; second, the evaluation of
multiple BMPs within a basin (before/after or control ba-
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Table 4. Example Wetland TSS Removal

Concentration Load
Volume of In Out In Out % Removal
Storm (ft®) Inflow = Qutflow (mg/L) (Ibs) by storm
1 445,300 352 24 9780 670 93%
2 649,800 30 25 1220 1010 17
3 456,100 99 83 2820 2360 16
4 348,111 433 141 9410 3060 67
5 730,261 115 63 5240 2870 45
Med 139 65 A
Cov 1.48 .86 28,470 9,970 \% 48%
Mean 249 85 G
Conc 66% Loads 65%
Increasing |
Con%%ot/gnce Mean Aek Decreased 90%
interval Confidence Interval
Monitoring Frequency |
Figure 7. Expected change of 90% confidence interval of station mean with additional data.

sin); and finally a third, the evaluation of a BMP with mul-
tiple inlets (where it might be very difficult (expensive) to
evaluate the BMP utilizing input/output). All methods should
require that a rigorous statistical approach be applied in
selecting the number of samples to be collected to assure
detection of a given level of change.

As an example of the number of samples required to
detect a “true” difference, Table 5 presents an analysis of
two of the Portland NPDES monitoring stations (WCC,
1993a) where 10 flow-weighted composited samples were
collected. The Fanno Creek station is a large (about 1,200
acres) residential catchment, while the M1 station is a
smaller (about 100 acres) mixed land use station. An analy-
sis of a variance-based test was utilized with the existing
data to determine how many samples are estimated to be
needed to detect a 5%, 20%, and 50% change in the mean
concentration at the station. The test was performed con-
sidering an 80% probability that the difference will be found
to be significant, with a 5% level of significance (Sokal and
Rohlf, 1969). This analysis does not consider potential
seasonal effects on the collection of data as a factor. Even
S0, quite a large number of samples would be required to
detect a 5% to 20% difference in concentrations. Figure 8
shows a map of the US plotting the average number of
storms per year (over 0.1") as determined by EPA (Driscoll
et al., 1989) occur. One can see that in many locations, it

would take a number of years of sampling all storm events
to be able to detect small differences.

There are numerous examples in the literature where
small differences (2 to 5%) are reported based upon much
fewer samples than indicated by this analysis. This high-
lights the need to be more rigorous with regard to statisti-
cal testing of reported effectiveness estimates. To detect
larger changes, the number of samples becomes reason-
able. The mixed land use catchment in Portland is cur-
rently being studied for the effectiveness of the implemen-
tation of a number of source controls and other controls
that do not lend themselves to input/output testing. Ex-
amples include maintenance changes (catch basin clean-
ing, street sweeping), education (business and residences),
tree planting, etc. Post-BMP monitoring will be conducted
along with qualitative evaluations.

As an example that demonstrates how one could evalu-
ate whether one catchment is different than another, Fig-
ure 9 presents results of analysis of stormwater monitor-
ing data collected in Oregon. The figure presents a statis-
tical characterization of land use data, demonstrating that
for Total Copper, the open and residential land use sta-
tions are statistically different from all other land uses as
well as from each other. A similar analysis technique should
be employed for all before and after tests, as well as “con-
trol” tests.
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Table 5. Analysis of Sample Sizes Needed to Statistically Detect Changes in Mean Pollutant Concentrations from 2 Stations in Portland, OR.

Number of Samples Required to Detect the
Indicated % Reduction in Site Mean

Concentration*
Monitoring Site Parameter 5% 20% 50%
R1 - Fanno Creek TSS 202 14 4
Residential Copper 442 29 6
Phosphorus 244 16 4
M1 - NE 122nd TSS 61 5 2
Columbia Copper 226 15 4
Slough Mixed Use Phosphorus 105 8 3
*80% certain of detecting the indicated % reduction in mean of the EMCs.
70
40
™
" : )
e’ ud
3 35 23 60
2
6!
0 i 2 32 &/ i == 64
70 i 6 62
31 55 S 15
38 B om 9 42 56 s
. 33 58 8 62
40 30 22 58 6 o 63
18 59 . 63
A ” a7 53 6 . 60
(}
18 48 67 59
30 1 14 3 4 60 n
62
15 27 72 58
15 24 46 55 62 67
20 b e A
bgl
17 19 4 55 4 81 69
6
0 69 67
18 16 3
20 © 65 68 63
10 3 24 3 28 2 67
10 57 72 69
45 70 6 60
46
59
70
38
50 60 78
20 s
30 40
70

Figure 8. Annual average number of storms. (storms/year)

Other Considerations

There is a need to conduct dry weather analyses be-
tween storms on BMPs with dry weather flows; it may be
that pollutants captured during storms are slowly released
during dry weather discharges.

Biological and downstream physical habitat assessments
such as aquatic invertebrate sampling and habitat classifi-
cation should be explored as an alternative to merely uti-

lizing chemical measures of effectiveness (see Maxted,
these proceedings); long-term trends in receiving water
quality, coupled with biological assessments, would likely
be a much better gauge of the success of the implementa-
tion of BMPs, especially on an area-wide basis.

Summary and Recommendations

There is a great need for consistency in the constituents
and methods utilized for assessing BMP effectiveness. This
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(Strecker, et al., 1997)

paper has presented only some of the consistency issues.
It is recommended that researchers who undertake BMP
effectiveness studies consider the recommendations sug-
gested here, and by Urbonas (1995). Itis the authors’ opin-
ion that EPA should require studies receiving federal fund-
ing to conduct BMP effectiveness studies which utilize stan-
dard methods (as suggested here) together with (still much
needed) detailed guidance on data collection and sam-
pling methods to improve data transferability.
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Targets of Opportunity: Alexandria’s Urban
Retrofit Program

Warren Bell, P.E.
City Engineer, City of Alexandria, Virginia

Philip C. Champagne, P.E.
Dewberry & Davis
Fairfax, Virginia

During 1992 preparations for a stormwater quality pro-
gram as part of the Alexandria (Virginia) Chesapeake Bay
Preservation Ordinance, the city engineering staff made a
survey to identify opportunities for future urban BMP retro-
fitting. The objective of the current “Targets of Opportu-
nity” program is to enhance the minimum requirements of
the Virginia Chesapeake Bay Preservation Act (CBPA) pro-
gram by providing treatment of stormwater runoff from built-
up areas not directly addressed by the CBPA, in order to
further reduce pollutants reaching the bay and its tributar-
ies.

Since the inception of the Targets of Opportunity Pro-
gram, almost 1,000 acres of urban BMP retrofits have been
installed within Alexandria. A substantial part of Alexandria’s
urban retrofits have been voluntarily designed and con-
structed by developers of adjacent downhill properties.
While comprising only 3.3% of the urbanized area within
the Potomac and Shenandoah basin, the city has already
contributed almost 23% of the total urban retrofit coverage
proposed in the Shenandoah and Potomac River Basins
Tributary Nutrient Reduction Strategy (Commonwealth of
Virginia, 1996.) Estimated nutrient reductions already ex-
ceed the urban retrofit phosphorus and nitrogen reduction
targets contained in the Shenandoah Strategy, and are
within 3% of meeting the nitrogen reduction target.

Characteristics of Alexandria

Alexandria is a city of approximately 115,000 citizens
located on the Potomac River in Northern Virginia between
Fairfax County and Arlington County. Founded in 1749 as
a deep river seaport, the city is currently some 15.75 square
miles in size. The population is diverse and relatively afflu-
ent, some 56,000 households with a median income of
approximately $53,000. Directly across the Potomac from
Washington, D.C., Alexandria’s largest employer remains
the federal government. However, extensive development
during the past decade has resulted in a thriving commer-
cial sector, with divisional, regional, and multinational head-
quarters for operations ranging from research and devel-
opment to high technology, associations, and professional
services now located in the city. With a 1990 population
density of 7,281 people per square mile. Alexandria is the

most densely developed city in Virginia and the eleventh
most densely populated city in the United States. Approxi-
mately 41% of the total city area is covered with impervi-
ous surfaces.

Alexandria is a city bounded by and laced with streams.
The eastern boundary is 5.6 miles of Potomac River shore-
line. The northern boundary with Arlington County includes
1.9 miles of Four Mile Run, 100-year flood channel recon-
structed by the U.S. Army Corps of Engineers in the 1970s
following extensive flooding during Hurricane Agnes. A simi-
lar 1.7 miles of channel conveying Cameron Run borders
the Capital Beltway, the southern border with Fairfax
County. Approximately 8.4 miles of small tributary streams
flow north or south into the boundary channels, approxi-
mately 20% to Four Mile Run, 20% directly into the Potomac
River, and 60% into Cameron Run or its major tributaries,
Backlick Run and Holmes Run. Almost all of Alexandria’s
streams except the Potomac River are severely degraded
urban streams. Protection and partial restoration of these
streams and the Chesapeake Bay into which they flow is
the focus of the city’s nonpoint source programs.

Governing Clean Water Programs

Alexandria’s clean water programs are governed by sev-
eral federal and state authorities. Initially, the city was clas-
sified as a medium-sized city under the National Pollution
Discharge Elimination System (NPDES) Permit require-
ments for separate stormwater systems, requiring an MS4
permit. (The city was later reclassified as a small city based
on population reductions allowed for regions served by
permitted combined sewer systems). Virginia has also
adopted a number of programs in support of the federal
and multi-state Chesapeake Bay Program. The Virginia
CBPA includes a mandatory program requiring provisions
for stormwater quality on development projects within the
bay watershed.

The Virginia Stormwater Management Act is a discre-
tionary program which allows stormwater quality to be re-
quired of development projects throughout the common-
wealth. The Virginia Erosion and Sediment Control Act re-
quires stormwater quality measures during construction
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on all but very small development projects. The Chesa-
peake Bay Tributary Nutrient Strategies require nutrient
reductions from all point and nonpoint sources to achieve
40% reductions in the Bay. These reductions to get nutri-
ent levels below the 1985 baseline have been targeted for
the year 2000 by the bay program signatories. Only the
Tributary Strategies address the question of urban BMP
(Best Management Practices) retrofits.

Tributary Targets

The Shenandoah and Potomac River Basins Tributary
Nutrient Reduction Strategy (the Strategy) defines urban
BMP retrofits as “Modifying existing stormwater facilities
to enhance water quality and/or retrofitting stormwater
drainage systems to add water quality components in al-
ready developed areas to slow runoff, remove sediment
and nutrients, and provide a basis for restoring eroded
stream channels.” The strategy sets a target of 4,356 acres
of urban retrofit within the entire basin, of which 1,156 acres
was in addition to that existing at the time of the printing.
The Strategy lists total urbanized watershed as 454 square
miles (290,400 acres), including Alexandria’s 15.75 square
miles (10,080 acres), approximately 3.5% of the water-
shed.

Targets of Opportunity Program
Stormwater Quality Program Adoption

Alexandria’s initial stormwater quality program was its
erosion and sediment control ordinance, which was
adopted in the 1970s. In 1990, the city began an intensive
effort to prepare an application for an NPDES permit for its
stormwater program. Concurrently, city staff enacted a
Chesapeake Bay Preservation Ordinance (City of Alexan-
dria, 1991) which contains provisions from both the Chesa-
peake Bay Preservation Act and the Stormwater Manage-
ment Act. City staff identified several sites where urban
retrofits appeared possible. Staff members responsible for
reviewing development proposals were directed to discuss
the possibility of including urban retrofit as part of proposed
developments. The objective of this program was to en-
hance the mandatory requirements of the Chesapeake Bay
Preservation program with additional treatment of
stormwater runoff from built-up areas not directly addressed
by that act, to further reduce pollutants reaching the bay
and its tributaries. The program was already in place and
functioning when the Virginia Potomac Basin Tributary
Nutrient Reduction Strategy was developed and adopted
in 1995-1996 (Commonwealth of Virginia, 1996).

Elements of the Targets of Opportunity
Program

There are four basic elements to the Targets of Oppor-
tunity Program. The first is knowledge of the watersheds
within the jurisdiction. The Alexandria staff used aerial pho-
tographs, topographic maps, and the sewer outfall map
prepared for the Part | NPDES Stormwater submission.
Discussions with storm and sanitary sewer maintenance
personnel with many years of experience in the city were
also very valuable.

The second element is the identification of potential op-
portunities for urban retrofits. Sites in the watersheds of
streams which receive large numbers of stormwater outfalls
are especially desirable to maximize the effectiveness of
retrofit BMPs. Alexandria also focused on areas with ex-
isting ponds and detention basins which could be adapted
in the future for service as either regional retention basins
(wet ponds) or extended detention basins (dry ponds).

The third element is one of the most crucial: early explo-
ration of urban retrofit options with owners/developers.
Alexandria’s zoning ordinance requires a pre-submission
conference with the city staff for all significant construction
projects. This conference usually occurs prior to finaliza-
tion of the stormwater concept plan for the respective site,
allowing the staff an opportunity to discuss retrofit options
with the development team. For smaller projects, the staff
almost always becomes aware of proposed development
well before formal submission through informal contacts
with the engineering community.

Once contact is established, the fourth element comes
into play: creating “win-win” situations for both the devel-
opers and the public. In some cases, developers may find
it less expensive to treat the entire flow of existing storm
sewers transiting a site rather than construct a separate
“off-line” system to collect and treat stormwater runoff. Al-
ternatively, construction (at the developer’s expense) of
regional facilities on public land may be more economi-
cally beneficial to a developer than construction on-site
BMPs. Fostering a spirit of cooperation between the par-
ties rather than an adversarial regulator/regulated rela-
tionship is crucial to obtaining results in a program of this
nature.

Status of the Targets of Opportunity
Program

Seven significant urban stormwater BMP retrofit projects
have been approved under the Targets of Opportunity Pro-
gram. A discussion of each of the projects illustrates how
the various program elements were implemented.

Winkler Run Regional Retention Facility

The Mark Winkler Corporation, which owns a large de-
velopment tract in western Alexandria, proposed to con-
struct a combined stormwater detention/water quality pond
system to stop a severe erosion problem and to provide
detention and water quality for future buildout of their prop-
erty. Noting that the watershed draining through the site
included significant built-up areas, the staff discussed with
the developer’s engineer the possibility of sizing the pond
to provide water quality for the entire watershed at full
buildout under city zoning. The developer agreed and of
the total watershed of 221 acres, 126.7 acres was urban
retrofit. Estimated impervious cover on this acreage, which
includes 26 acres of Interstate 395 and the heavily trav-
eled Seminary Road and Beauregard Street, apartment
houses, and hotel and office complexes, is 82.3%. The
Winkler Run Pond System was built to a design from the
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Washington Council of Governments manual, Controlling
Urban Runoff, (Schueler, 1987) and is rated to provide 45%
phosphorous removal. The system of two ponds in series
was constructed in 1992. Based on information in the
manual, city staff estimate total nitrogen removal at ap-
proximately 30% (see the Attachment for nutrient estimat-
ing methodology). At these ratings, the total yearly reduc-
tions from the urban retrofit areas are 397 pounds per year
of phosphorus and 1,960 pounds per year of nitrogen. The
system was constructed solely at the developer’s expense.

Lake Cook Regional Retention Facility

The next significant urban retrofit involved a project to
restore a viable habitat for aquatic life in Lake Cook, a
recreational lake owned by the city and operated by the
Northern Virginia Regional Park Authority (NVRPA). In
1993, NVRPA requested the city to restore sufficient depth
to maintain for recreational fish in Lake Cook in the
Cameron Run Regional Park. Originally four feet deep,
the three-acre lake had silted until less than two feet of
depth remained. During an earlier review of the outfall
map, the engineering staff had noted that the lake was fed
by Strawberry Run, a stream receiving the outfalls from
over 30 storm sewers having a diameter of 36 inches or
greater. The staff determined that if the lake were deep-
ened to an average of six feet, the pool could serve as a
regional wet pond BMP for approximately the 385 acres of
fully developed watershed draining into the lake. A sedi-
ment forebay was also added to trap sediments at the up-
stream end of the lake, protecting the fish habitat and eas-
ing future maintenance.

The lake was deepened during the winter of 1993-1994.
Only approximately 20% of the total project cost of $75,000
(funded by Alexandria general revenues) was attributable
to the stormwater quality features. Based on the BMP phos-
phorus removal ratings currently proposed for inclusion
within the Virginia Stormwater Management Regulations,
Virginia Chesapeake Bay Protection Regulations, and the
WASHCOG nitrogen removal estimates for such ponds,
the staff estimates that the lake now removes approximately
926 pounds of phosphorus and 4,222 pounds of nitrogen
per year from stormwater runoff entering Cameron Run.

Cameron Lake Regional Retention Facility

In the early 1990s, the Department of Defense decided
to close the 164.5-acre Cameron Station Army Base in
Alexandria and sell the land for private development. While
developing future zoning of the property, city staff noted
that two connected lakes on the station which would be-
come a city park acted as stormwater detention ponds for
approximately 60 acres of runoff. Total surface area of the
lakes was almost 5 acres, and their permanent pools could
be deepened to serve as a regional retention pond for a
much larger area, including some of the most intensely
developed areas of the city. Due to early coordination with
the Army, the city was able to insert a condition that re-
quired all future development on the site to drain through
the lakes. The condition also required city storm sewers
which transited the base to be rerouted through the lakes.

The purchaser of the base readily participated in this pub-
lic-private partnership, recognizing that it would provide a
win-win relationship.

By allowing the developer to retrofit the existing lakes,
greater densities of development were created, which more
than compensated for the cost of upgrading the retention
facility. Additionally, if the developer had held the density
of development as originally planned, a series of sand fil-
ters would have been needed to provide water quality for
the 97.5 acres of development at a cost considerably higher
than the retrofitting of the existing lakes. Recognizing that
the regional facility would provide a win-win situation, the
developer agreed to the incorporation of several state-of-
the-art features into the retrofit.

Work began with draining the lake and removing approxi-
mately 20,000 cubic yards of material to create an appro-
priate permanent pool. The existing outlet structure, con-
sisting of little more than a concrete flume with a wire trash
rack, was removed and replaced with an upflow anaerobic
trickling filter. Additional features include a sediment fore-
bay which can be isolated from the permanent pool during
maintenance and an oil skimmer to retain floating hydro-
carbons, trash, etc., from reaching the main basin of the
lake. Facilities to monitor flow rates through the pond and
chemical composition of the flows were also provided.
Constructed during the summer of 1997, the regional re-
tention facility is treating runoff from 246.83 acres, 187
acres of which did not previously drain through the lakes.
The entire drainage shed except for the 97.5 acres of de-
velopment property is urban retrofit. Based on Virginia and
WASHCOG BMP ratings, the staff estimates that, when
full buildout of Cameron Station is completed, the facility
will remove approximately 709 pounds of phosphorus per
year and 3,235 pounds of nitrogen from stormwater runoff
entering Backlick Run.

Park Center Regional Extended Detention
Facility

Since 1992, the city staff has been recommending the
conversion of a large 100-year storm detention facility in
the western part of the city into a stormwater quality BMP.
Early plans to convert it to a regional retention facility col-
lapsed when one of the adjacent property owners objected
to the presence of a permanent pool. However, in the fall
of 1996, the owner of the basin submitted a development
plan to construct new office towers adjacent to the basin.
Rather than require construction of new BMPs for the 8.12-
acre development, the city proposed to the developer’s
engineer that the basin be converted into a regional ex-
tended detention facility to serve a 245-acre watershed.
An adequate dam and riser structure able to accommo-
date a 100-year storm was already in place; the conver-
sion involved only modifications to the riser structure to
provide a reduced orifice at the bottom of the dam and
new overflow openings at the top of the new BMP deten-
tion pool. The entire expense of this construction, which is
currently in progress, is being borne by the developer. Using
the Virginia BMP rating of 35% for phosphorus reduction,
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the staff estimates that the 237 acres of urban retrofit is
removing approximately 307 pounds of phosphorous from
Lucky Run, a tributary of Four-Mile Run and the Potomac
River. The staff is not currently convinced that significant
nitrogen removal occurs in extended detention ponds.

Slater’s Village Regional Extended
Detention Facility

When a development with 145 townhouses and 128
condominium units was proposed in 1996 for part of the
old Potomac Rail Yard at the northern portion of Alexan-
dria, the developer’s engineer observed that reinforced
concrete storm sewer serving existing developments tra-
versed the site. It was determined that it would be less
expensive for the developer to construct an extended de-
tention facility to treat all of the runoff conveyed by this
sewer than to construct a completely separate storm sewer
system and BMP to serve only the new townhouses. He
therefore proposed to drain the new development directly
into the storm sewer and treat the total runoff downstream
of the townhouses. This provided an additional 38 acres
of pure urban retrofit to the new extended detention facil-
ity. Using Virginia BMP ratings, the staff estimates that this
urban retrofit removes an additional 75 pounds of phos-
phorus from runoff flowing directly into the Potomac River.
The BMP was constructed as an erosion control basin in
the summer of 1997 and will be converted to a full BMP
upon completion of the construction project.

Episcopal Seminary Regional Retention
Facility

The Episcopal Theological Seminary, a large landholder
in central Alexandria, recently decided to construct a state-
of-the-art stormwater retention facility to use as a teaching
tool for environmental classes at the private high school
on site. The pond, was also designed as a stormwater ret-
rofit pond to serve existing development on the property to
provide stormwater quality for any future expansion of fa-
cilities. The pond serves a 51-acre watershed with an ulti-
mate runoff factor of 0.44. The city staff considers this pri-
vate pond to be totally urban retrofit. Initial estimates sug-
gest that this BMP will remove 128.5 pounds per year of
phosphorus and 586 pounds per year of nitrogen currently
reaching Cameron Run and the Potomac River.

Potomac Retail Center Urban Retrofit

When design began on a 60-acre shopping center to
occupy part of a former rail yard in the northern part of
Alexandria, the developer’s engineer was required to deal
with the runoff from 9.9 acres near U.S. Route 1 including
adjacent properties which already drained through ditches
in the rail yard. Rather than provide a separate convey-
ance for this off-site water, the engineer proposed to route
it through a large retention pond being built to treat devel-
opment runoff. The retention pond, which included up-to-
date features such as a sediment forebay, was sized ac-
cordingly. The city staff estimates that this urban retrofit is

removing approximately 31.8 pounds/year of phosphorus
and 188.7 pounds per year of nitrogen.

Program Impact on the Chesapeake Bay

The seven completed urban BMP retrofit projects de-
scribed above have provided a total of 996.8 acres of ur-
ban retrofit since 1992, 23% of the Potomac/Shenandoah
basin total target and 82.9% of the increased coverage
target. Total phosphorus removal from these projects is
estimated at 2,544.8 pounds per year and total annual re-
moval of nitrogen is estimated at 10,193.0 pounds. The
annual phosphorus removal represents 220% of the Nutri-
ent Strategy total basin target and 839% of the increased
coverage target. The annual nitrogen reductions represent
97% of the total basin target and 368% of the increased
coverage target.

In December of 1997, the City of Alexandria was awarded
a Community Innovation Award by the Chesapeake Bay
Local Government Advisory Committee for “its contribu-
tion and commitment to the protection and restoration of
streams, rivers, and the Chesapeake Bay through the
implementation of its Stormwater Urban BMP Retrofit Pro-
gram -- Targets of Opportunity.”

Transferability of Program

Any jurisdiction having a formal stormwater quality pro-
gram, such as the Virginia Stormwater Management Pro-
gram or Chesapeake Bay Preservation Program, could
institute an urban retrofit program similar to Alexandria’s.
Detailed engineering studies need not be made to begin a
program, nor are sophisticated tools such as GIS systems
a necessity. A review of aerial photographs of the jurisdic-
tion by staff engineers and storm sewer personnel is usu-
ally sufficient to identify the “targets of opportunity” for fu-
ture urban retrofit upon development or redevelopment in
the watersheds.
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Attachment 1
Nutrient Removal Estimates Methodology

The method to calculate loadings recommended by the
Virginia Chesapeake Bay Local Assistance Department
(CBLAD) and adopted by Alexandria is the Simple Method
derived by Thomas R. Schueler in the Metropolitan Wash-
ington Council of Governments (COG) handbook, “Con-
trolling Urban Runoff.” The Simple Method is described as
follows:

L=Px ij R, XxCxAx272/12
where,

L = phosphorus loadings (pounds/year--Ib/yr).

P = average annual rainfall depth (inches) = 40
inches per year for Alexandria.

P. = unitless correction factor for storms that
produce no runoff = 0.9.

R, = runoff coefficient = expresses the
fraction of rainfall converted to runoff.

C = flow-weighted mean pollutant concentration
(milligrams/liter--mg/l).

A = area of development site (acres).

2.72 and 12 are conversion constants.

Further reducing the Alexandria constants in the formula
yields:

L=816xR,xCxA

The runoff coefficient describes the fraction of rainfall
converted to runoff. While dependent on soil type, topog-
raphy and cover, it is most influenced by watershed imper-

viousness. The Simple Method uses the following formula
to compute R

R, =0.05 + 0.009 (1)
where

| = the % of site imperviousness in whole
numbers.

For watersheds with greater than 20% impervious cover,
CBLAD recommends using a flow-weighted mean concen-
trations of phosphorus of 1.08 mgl/l.

A six-month BMP monitoring project in Alexandria in 1994
established an actual flow-weighted mean concentration
of nitrogen in stormwater runoff of 8.0 mg/l.

The new Virginia Stormwater Management Regulations
(also to be used by CBLAD) rating for retention ponds with
2.0 inches of runoff from impervious surfaces in the per-
manent pool is 65% for TP.

Based on various studies reviewed, including
WASHCOG's Controlling Urban Runoff, city staff estimates
TN removal for such ponds at 40%. Pending further analy-
sis of monitoring studies, city staff is not currently assert-
ing any TN removal from extended detention facilities.

Retention ponds with permanent pools of less than 2.0
inches of runoff were rated using data from the Northern
Virginia BMP Handbook and Controlling Urban Runoff.
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Attachment 2

Total Phosphorus Reduction Calculations

Annual

Urban % Runoff C Annual BMP Load

Retrofit Imper- Factor Alexandria TP LOAD BMP Efficy Reduced
Project Acres vious R, Constant  (mg/l) TP-Ib.) Type (%) (Ibs)
Winkler Run Pond 126.7 82.3 0.79 8.16 1.08 882.1 Ret.Pond 45 397.0
Lake Cook Retrofit 385.0 41.0 0.42 8.16 1.08 1425.0 Ret.Pond 65 926.3
Cameron Lakes Retrofit 149.3 86.6 0.83 8.16 1.08 1092.1  Ret. Pond 65 709.8
Park Center Basin Retrofit 236.9 41.0 0.42 8.16 1.08 876.9 ED Pond 35 306.9
Episcopal Center Pond 51.0 43.3 0.44 8.16 1.08 197.8 Ret.Pond 50 98.9
Slater’s Village ED Retrofit 38.0 65.3 0.64 8.16 1.08 197.8 ED Pond 35 75.0
Potomac Yard Shopping Center 9.9 75.5 0.73 8.16 1.08 63.7 Ret.Pond 50 31.8
Total 996.8 - - - - - - - 2554.8

Total Nitrogen Reduction Calculations
Annual

Urban % Runoff C Annual BMP Load

Retrofit Imper-  Factor Alexandria TN LOAD BMP Efficy Reduced
Project Acres vious R, Constant  (mgl/l) TP-Ib.) Type (%) (Ibs)
Winkler Run Pond 126.7 82.3 0.79 8.16 8.0 6534.1 Ret.Pond 30 1960.2
Lake Cook Retrofit 385.0 41.0 0.42 8.16 8.0 10,558.8 Ret.Pond 40 4222.3
Cameron Lakes Retrofit 149.3 86.6 0.83 8.16 8.0 8089.4 Ret. Pond 40 3235.8
Park Center Basin Retrofit 236.9 41.0 0.42 8.16 8.0 9897.5 ED Pond - -
Episcopal Center Pond 51.0 43.3 0.44 8.16 8.0 1464.9 Ret.Pond 40 586.0
Slater’s Village ED Retrofit 38.0 65.3 0.64 8.16 8.0 1587.6 ED Pond - -
Potomac Yard Shopping Center 9.9 75.5 0.73 8.16 8.0 471.8 Ret.Pond 40 188.7
Total 996.8 - - - - - - - 10,193.0
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Port Towns Revitalization and Environmental Enhancement -
Stormwater Projects Revitalize Urban Areas

S. Ali Abbasi
Prince Georges County Dept. Of Environmental Resources
Largo, Maryland

Background

In 1993, Prince Georges County, Maryland (Figure 1)
embarked upon an ambitious neighborhood revitalization
program that targets communities inside the National Capi-
tal Beltway. The primary purpose of this effort is to revive
older communities as attractive places to live and work.
By concentrating resources and developing local institu-
tions, state and county officials hope to stem disinvest-
ment and abandonment of these communities.

Prince Georges County has a population of 800,000 and
a median household income of $60,540. It covers 488
square miles and inclues 28 incorporated areas. Its eco-
nomic wealth is tied to both Washington, DC, and Balti-
more. Business is largely clustered in the northern part of
the County. The county’s southern area is still largely ru-
ral.

The county is bisected, geographically and economically,
by the National Capital Beltway. Although the majority of
the population is located in the municipalities inside the
Beltway, higher income levels are concentrated outside
the Beltway (Tatar, et al., 1995).

The centerpiece of the County's revitalization effort is
the renewal of communities known as the Port Towns, lo-
cated in the heart of Prince Georges County. What started
as a thriving tobacco port and trading point along the
Anacostia River in Colonial days is now a predominantly
blue-collar neighborhood. Built mostly in the 1940s and
1950s, the Port Towns have fallen into disrepair and have
struggled to attract new residents and businesses (Pierre,
1997).

The Port Towns revitalization initiative has generated pub-
lic interest and support due to this community’s keen sense
of identity and heritage. With millions of dollars already ear-
marked for various projects, the Port Towns community is
now one of the most prominent revitalization areas in Mary-
land.

Stormwater Revitalization Projects

What is unique about the Port Towns is that innovative
stormwater retrofit projects are helping to pave the way to

economic renewal. Construction of bioretention?
streetscaping, shallow marsh wetlands, stream rehabilita-
tion, and river restoration projects are being used to revi-
talize the towns. As a new urban revitalization tool, these
stormwater projects are intended to mitigate adverse en-
vironmental impacts in older urban areas, improve land-
scaping, enhance community pride, and create a whole-
some community image that invites private investment.

Port Towns

The Towns of Bladensburg, Colmar Manor, and Cottage
City are collectively known as the Anacostia “Port Towns”
(Figure 2) industrial and commercial activity. The Port
Towns residential areas include a wide range of generally
pleasant housing along with industrial and commercial
activity. Economic decline in the Port Towns began due
to relocation of retail shops to newer outlying malls, as
well as constraints imposed by older infrastructure.

Facing similar development issues, common economies,
and proximity to US Route 1, the three towns agreed to
coordinate their revitalization efforts. To guide the revital-
ization effort, the Port Towns developed a comprehensive
Vision and Action Plan in 1995. Although an extensive park
or “greenway” along the banks of the Anacostia River
makes an important contribution to the character of this
community, the Port Towns generally lack adequate trees,
streetscaping, and stormwater management controls (Legg
Mason et al., 1995).

A New Revitalization Tool - Stormwater
Retrofit Projects

For years, the County has considered the restoration of
the Anacostia River an important part of its capital pro-
gram. Although the County viewed the stormwater retrofit
of the Anacostia watershed as an environmental goal, the
Port Towns saw it as an opportunity to serve an economic

1 Bioretention BMPs are stormwater retention facilities designed to mimic forested
systems that naturally control hydrology through infiltration and evapotranspira-
tion (Prince George’s County Low Impact Development Manual, 1997).
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Figure 2.

goal as well. Accordingly, when the Port Towns developed
a revitalization vision for their community, they included
the environmental restoration of the river as an important
objective.

Reconstruction of river wetlands and pond retrofit,
stream restoration, and bioretention streetscaping projects
are now viewed not only as a way to clean the river but
also as an opportunity to renew the Port Towns image.
With this in mind, county and state agencies began to re-
direct stormwater projects to the Port Towns (and other
revitalization communities). The County and the Port
Towns hope to use an environmental restoration theme
as a catalyst for future growth and investment. Stormwater
projects are at the forefront of this new urban revitaliza-
tion paradigm. Stormwater revitalization project goals are:

« Mitigate adverse environmental impacts
« Beautification

* Improve community image

« Enhance community pride

« Attract private investment

The realization that communities can help revive their
economies by cleaning up their environment is not new.

r'_ fru
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Aerial photograph of the Anacostia Port Towns area (outlined in white).

However, the Port Towns are probably among the first com-
munities to envision that stormwater retrofit projects play
a leading role in urban revitalization. The County’s
Stormwater Management Tax District and state and fed-
eral funding sources are paying for construction of inno-
vative bioretention streetscaping, shallow marsh wetlands,
and river restoration projects.

Stormwater retrofit projects can be a new tool in the
repertoire of revitalization projects that help to renew older
urban areas (Table 1). The basic premise is that the Port
Towns stormwater retrofit and other public projects? will
help create a more attractive place to live and work. Even-
tually, it is hoped that the private sector will fulfill long-
term investment needs in the Port Towns.

Proposed Projects

Key Port Towns projects funded fully or partially by
stormwater funds are as follows:

Port Towns Waterfront Restoration - This project involves
both the rehabilitation of a river marina as a center to pre-
serve the County’s rich Colonial history and reconstruc-
tion of about 80 acres of wetlands as a waterfront park

2 Other proposed projects include new town centers, a new railroad bridge,
Brownfield projects, an ecoindustrial park, and road improvements.
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Table 1. Revitalization Projects

Infrastructure

New town center $3M
New CSX railroad bridge $21M
Marina redevelopment $6M
Road improvements $6M
Environmental

“Brownfields” cleanup $1.5M
Eco-industrial park $1M
Stormwater projects

Bioretention streetscaping, pond retrofits, stream $6M

restoration, river wetlands and drainage rehabilitation

along the Anacostie River (Figure 3). The plan proposes
to increase natural wildlife habitat areas, enhance water
quality, and increase economic tourism opportunities. The
planned Historic Waterfront Park will be the focal point of
community activities, providing opportunities for residents
and visitors to gather and participate in a variety of out-
door recreational cultural, and environmental activities
along the Anacostia River. Estimated costs include $6 mil-
lion for the marina and $5 million for wetlands construc-
tion.

Ponds and Stream - Existing dry ponds are being con-
verted to shallow marsh systems (Figure 4). These ponds
are designed not only to improve water quality; they also
include walkways, benches, and carefully designed land-
scaping to enhance the community’s environmental, aes-
thetic, and recreational experiences. Eroded stream corri-
dors are being restored to create greenways. Estimated
costs are $1 to $2 million.

Urban Streetscape - In the early stages, this effort has
involved the construction of several pilot bioretention
streetscape projects (Figure 5) in each town. In the future,
all major road corridors will be gradually reconstructed with
landscaping that improves appearance and treats urban
stormwater runoff. Streetscape improvements are intended
to convey a sense of physical connection between the three
towns and mitigate the adverse effects of pollutants found
in urban stormwater runoff. Bioretention areas and other
water quality BMPs will be incorporated into the streetscape
projects. Estimated costs are $4 million.

Econursery - A self-sustaining nursery facility will be cre-
ated for the community to grow native trees and shrubs
and to produce seeds to maintain bioretention and rain
garden improvements. The facility will also serve as a lo-
cal science education center, a community garden, and a
composting yard. Estimated cost is $300,000.

Ecoindustrial Park® - Environmental and infrastructure
enhancements are planned for the Port Towns and sur-
rounding industrial areas. The project will include water
quality enhancements, waste minimization, and

streetscape improvements. Estimated costs are $1 million.
(Abbasi, 1997)

Project Funding

Funds for the Port Towns stormwater projects are pro-
vided through federal and state grants, a Stormwater Man-
agement Enterprise Fund, and the sale of stormwater rev-
enue bonds. The debt service on bonds is paid from a tax
levied on all assessable property in the County’s
Stormwater Management District. The current tax is 13.5
cents for every $100 of assessed property value. Under
this special tax district, a 5-year, $12 million Environmen-
tal Revitalization Program has been adopted to fund revi-
talization projects. This amounts to about 20% to 30% of
the 1999 annual stormwater capital improvement budget.

Due to the comprehensive nature of the revitalization
initiative and strong community involvement, the Port Towns
have drawn considerable interest from federal and state
agencies (Table 2). Grants are expected to fund up to 75%
of the project capital costs. For example, 50% of the river
wetland project funding is expected to come from the Mary-
land Department of the Environment and the US Army
Corps of Engineers. Up to 75% of the cost of the
streetscape improvements is expected to be paid by the
Maryland State Highway Administration. Funding for the
eco-industrial park is expected to come from a variety of
federal, state,and private sources.

Municipalities have agreed to provide for the operation
and maintenance (O&M) of pilot projects. In the future, O&M
costs may be shared by the municipalities and a proposed
Commercial District Management Authority funded by busi-
nesses and property owners.

Site Feasibility

An inventory of several stormwater projects, divided into
short- and long-term objectives, has been developed.
Projects siting is based on several goals, including urban
design enhancements, water quality improvements, prop-
erty acquisition, permitting, and cost. Short-term pilot
projects are selected on the basis of achieving quick re-
sults. Quick results lead to political and public support for
revitalization and also develop institutional capacity to un-
dertake more complex and ambitious projects (Johnson,
1997). Collectively, these environmental projects are de-
signed to improve existing infrastructure and community
appearance while helping to attract private sector invest-
ment.

Project selection begins with the guidelines of the Port
Towns Vision and Action Plan. Stormwater projects are
sited in commercial districts, transportation corridors, and

3 An ecoindustrial park is generally characterized by closely cooperating manufac-
turing and service businesses that improve their environmental and economic
performance. Industries coordinate their activities to enhance the efficient use of
raw materials, minimize waste and associated disposal costs, and conserve en-
ergy and water resources. This resource efficiency results in benefits to the
industires, while the surrounding community gains environmental performance
and job creation benefits.
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Drawing of the proposed historic Bladensburg Waterfront Park.

Figure 3.

Figure 4. Dry ponds converted to shallow marsh systems improve water quality and enhance the aesthetic beauty of the Port Towns community.
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Figure 5.

Table 2. Project Sponsors

Prince Georges County Government

Maryland National Capital Parks and Planning Commission
Port Town Community Development Corporation

Town governments

Maryland Department of the Environment

Maryland Department of Transportation

US Army Corps of Engineers

Commercial Management District

Community

natural resource areas that are important renewal areas.
Public exposure and acceptance of the initial pilot projects
are important to enhancing visual and spatial impacts. The
availability of land and easements is hormally confirmed
before starting the design phase. To lower project costs
and to help knit a public-private partnership, publicly owned
or “gratis” private easements are sought first. Permits for
bioretention streetscape projects are generally easily ac-
quired. Permits for reconstruction of wetlands in existing
floodways are more complex. Extensive hydraulic model-
ing of the floodway channels is submitted to the federal
and state governments for approval. Approval by the fund-
ing agencies is critical before the final site selection is com-
pleted.

Project Team

To guide the planning and implementation of these
projects, project teams consisting of citizens and staff from

Bioretention streetscaping (planted areas to the right of the street in the photo) help to treat stormwater runoff and improve the
appearance of the community.

various county and municipal agencies are formed. Mem-
bers are also recruited from universities, nonprofit organi-
zations, and consultants. An informal inter-agency project
support group (Figure 6) leads the overall project. This
organizational arrangement promotes greater integration
of agency functions, stakeholder participation, and com-
munity based initiatives.

Environmental, engineering, urban planning, and project
management staff are all needed for the project. Support
group members provide different functions. For example,
the Department of Environmental Resources provides tech-
nical support in the areas of engineering, project manage-
ment, and funding coordination; the Maryand National Capi-
tal Park and Planning Commission provides community
planning and liaison; and town officials, a community de-
velopment corporation, and various citizen groups repre-
sent public and private interests, respectively.

Costs

To date, three small pilot bioretention streetscape projects
have been completed in the Port Towns. Drainage areas
for all of the bioretention projects were less than one acre
in size and 100% impervious. The average cost of these
bioretention retrofit projects (Table 3) amounts to $44,000
per acre of impervious drainage area.

Two shallow marsh extended-detention ponds have also
been constructed in the Port Towns at an average cost of
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All committee members, project managers, and team

members are a partnership, comprising members Project Project

from the County, state, federal, consultants, business, manager manager

and industrial community. , I

Team Team
Figure 6. Port Towns revitalization organizational structure.
Table 3. Stormwater Construction Cost
Drainage Cost/acre

Project Name Area (acre) % Imp. Total Cost Imp. Area
Bioretention Pilot Projects - Commercial Land use
Chesley .94 100% $27K $29K
Colmar Manor .65 100% $44K $67K
Bladensburg .66 100% $23K $35K
Shallow Marsh Pond - Residential Land use
Bladensburg 230.00 55% $395K $3.1K
Cottage City 38.50 69% $91K $3.4K

$3,250 per acre of impervious area. Costs for bioretention
retrofit projects in existing urban areas are relatively high
due to complexities related to limited space, intense traffic
controls, and presence of existing utilities. Although aver-
age costs for similar BMPs in the County over the last 6 to
8 years exceed those of projects in the Port Towns, such
costs should be comparable in the longer term.

The cost of river wetlands reconstruction is expected to
be much higher than the norm for the County, due to exist-
ing flood levees. An assessment of all the Port Town retro-

fit opportunities and their associated costs is being pre-
pared.

Conclusion

The Port Towns is one of the first communities to envi-
sion that stormwater retrofit projects can play a leading
role in urban revitalization. Stormwater retrofit projects
comprise a new approach to publicly funded infrastructure
rehabilitation projects that help renew old urban areas. Due
to the comprehensive nature and strong community in-
volvement of the Port Towns revitalization initiative, the
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projects have drawn considerable funding support from
federal and state agencies.

Pilot stormwater projects were built within a 12-month
period to demonstrate tangible results and achieve politi-
cal and public support for revitalization projects. These
projects demonstrate that stormwater projects constitute
an effective tool to retrofit and improve the appearance
and image of existing urban communities. Planning and
design of more ambitious and complex projects are already
underway, including reconstructing wetlands in the
Anacostia floodway, streetscaping major transportation
corridors, and cleaning up the industrial park.
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Tollgate Drain - An Innovative Approach to
Stormwater Management

John LeFevre and Patrick Lindeman
Fishbeck, Thompson, Carr & Huber
Ada, Michigan

The Tollgate Drainage District is a dedicated drainage
district that was established, in the late 1800s to be uti-
lized by Lansing Township, the City of Lansing, and Ingham
County. The Tollgate Drain has used the City of Lansing’s
combined sewer system as its outlet since the early days
of the City’'s sewer system. As part of a recent 30-year
plan developed by the City of Lansing to control combined
sewer overflows to the Red Cedar and Grand Rivers, the
Tollgate Drainage District, under the direction of the Ingham
County Drain Commissioner’s Office, was mandated to
implement a combined sewer separation project. Now the
City of Lansing sends sanitary water to their wastewater
treatment plant, while the stormwater is diverted to a wet-
land park detention basin and a series of detention ponds
incorporated into the reconstruction of the local Groesbeck
Municipal Golf Course.

Objectives

The Ingham County Drain Commission recognized the
importance of redeveloping property for the dual purposes
of the neighboring Fairview Park and for stormwater man-
agement. The primary goals of the Tollgate Drain project
were to eliminate combined sewer overflows through sewer
separation and develop a wetland ecosystem that improved
storm water quality, while also meeting the aesthetic needs
of Fairview Park and the Groesbeck Municipal Golf Course.

The Project

In accomplishing these objectives, the Tollgate Drain
project created a wetland to act as a natural filtration sys-
tem for stormwater runoff. The wetland helps maintain
water quality by removing nutrients and sediments In the
water. It involves the development of a stormwater sepa-
ration, retention, and recharge system. The end result is a
state-of-the-art urban wetland management system that
uses innovative and cost-effective methods of water man-
agement.

The 210-acre Groesbeck neighborhood had a one-pipe
sewer system which was built in the 1950s. This system
was recently incorporated into a new two-pipe combined
sewer system. One pipeline transports household waste
to the C4 of Lansing’s wastewater treatment plant while

the other pipe, containing stormwater, is diverted. A tradi-
tional method of stormwater disposal is to drain it into the
nearest river. Using an innovative method, Tollgate Drain
diverts stormwater to the lowland area of Fairview Park,
where it is naturally cleansed of non-point source pollut-
ants and then recharged into the air and the ground. The
water is also used to irrigate the Groesbeck Municipal Golf
Course.

Most stormwater systems incorporate little if any non-
point source pollution abatement. Stormwater picks up road
oil, organic debris, fertilizers, salt and other forms of pollu-
tion as it makes its way through the stormwater system to
the rivers and their tributaries. For this reason, the Toll-
gate Drain project is unique. Unlike other stormwater sys-
tems, it does not outlet to a river and it has nonpoint source
pollution abatement properties.

Seven-Steps of the Tollgate Drain
Overall, the project consisted of seven key elements:

Step 1: Develop a catch basin maintenance plan.

Step 2: Create a filter chamber to act as a secondary
cleaning chamber.

Step 3: The wetland design.

Once the stormwater reaches the wetland, it runs
through mechanical oil skimmers and sediment
traps which remove petroleum products and ex-
cess sand and mud. Peat-sand and limestone are
used as filters in the system. Their high phospho-
rous (P), biological oxygen demand (SOD), pH
(acidity), and pathogen removal capabilities,
coupled with simple design, low maintenance, and
affordability make them an attractive method. The
wetland provides a variety of functions such as
flood control/water storage and filtration of pollut-
ants, and it creates eleven acres of wildlife habi-
tat. From the Fairview Park wetland the water trav-
els through a pipe under Wood Street to Groesbeck
Municipal Golf Course where it flows into additional
wetland detention ponds. This evaporates some
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of the water and allows the suspended sediments
to further settle out. At this point, the golf course
has the option to use this water for irrigation.

Step 4: The holding ponds on the golf course.

Step 5: The ultimate discharge to the City sewer at a
restricted rate.

Step 6: A proactive public outreach program within the
drainage district to inform and educate the dis-
trict on their role in this project

Step 7: A public outreach program with a broader per-
spective for the community at large.

Educational Aspects

The Drain Commissioner’s Office ran an extensive pub-
lic outreach and education program for this project. All resi-
dents received a survey and a door-to-door visit to dis-
cuss sump pump connections and elimination of illegal
storm water cross-connections to the sanitary sewer sys-
tem.

An on-site office staffed with Ingham County Drain Com-
missioner representatives was available throughout the
construction phase of the project with a hot line so that
residents’ concerns and questions were dealt with imme-
diately. A door-to-door follow-up survey was conducted to
obtain feedback and continue the urban storm water edu-
cation.

The overall maintenance of the project depends on how
the residents of the district take care of it. Residents are
encouraged to participate in the success of the project by
tailoring their daily activities to decrease the amount of
pollution, and therefore decrease the maintenance costs.
Dumping oil, pet waste, cigarette butts, or other garbage,
and blowing grass clippings and other yard waste into the
streets increases the number of times the catch basins
will have to be cleaned out. The use of fertilizers, pesti-
cides, and herbicides on lawns brings pollutants that can
also increase the number of times filters in the system will
have to be cleaned out and replaced.

Project Challenges

One of the main obstacles to overcome in the project
was the “ownership” of Fairview Park. Technically, the park
was owned by the State of Michigan, located in Lansing
Township, and maintained by the City of Lansing as a Lan-
sing Park. A lengthy battle over the use of the land caused
uncertainty among the residents and between the differ-
ent governmental agencies. Before the drainage district
could proceed with design plans for the project these par-
ties had to come to an agreement. This was the most diffi-
cult phase of the entire project and today, all parties are in
agreement and cooperating fully with the Drain
Commissioner’s office to make the project a success.

A design challenge was to determine a cost-effective
outlet for the storm sewer discharges so the sewer sepa-

ration could be completed. The district is surrounded by a
developed City on three sides and Groesbeck Municipal
Golf Course on the west. A conventional piped storm sewer
outlet to the Grand River would have had to extend over
one mile through a densely-developed residential area. This
option cost was in excess of $15 million. Three other routes
were examined ranging in costs from $15 million to $20
million. This project, chosen instead of those options, cost
$6.2 million.

Innovations/Benefits

» The key to the savings is putting nature to work. The
storm water is pumped to what was once a little-used
11-acre nearby park.

An oil and grit chamber was used to trap any oil washed
into the storm collection system.

Contaminants settle out of the water into ponds. As
the water moves through connecting channels, lime-
stone rocks buffer the acid it contains. Fast-flowing
streams increase oxygen and encourage the growth
of pollution-eating microbes. A peat bog filters out fer-
tilizers and pesticides.

The water enters a wetland where it evaporates or is
recycled for more treatment. Additional water goes into
water hazards at the Groesbeck Municipal Golf Course
and is used for the golf course irrigation system.

Numerous trees, plants, and grasses were planted in
the system to trap contaminants. The species were
selected to maximize evapotranspiration.

The final selected system design was $6.2 million,
about one-half the cost of the other options. Tollgate
Drain not only saved millions of dollars, but it is a pro-
totype for environmentally sound water management
practices.

» The system not only keeps basements from flooding,
but cleans the water so it can be used for irrigation at
the nearby Groesbeck Municipal Golf Course.

» Storm water is managed on-site, rather than being ex-
ported.

Conclusions

In the future, direct river discharges will more than likely
have to be rebuilt to accommodate non-point source pol-
lution abatement, similar to this project, before discharg-
ing into the river. In this sense, the Tollgate Drain is ahead
of its time. The Tollgate Drain involves the creation of a
new wetland ecosystem designed to naturally clean and
recharge the neighborhood’s storm water.

Aside from the physical challenges, the success of this
project is dependent upon the cooperation of the City of
Lansing, Lansing Township, and the State of Michigan. But,
most importantly, the future success of this project lies in
the hands of the residents within the Tollgate Drainage
District.
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A Stormwater Banking Alternative for Highway Projects

Robert B. McCleary, P.E.
Delaware Department of Transportation
Dover, Delaware

Purpose

The purpose of this paper is to make others aware of
the approach the Delaware Department of Transportation
(DelDQT) is taking toward stormwater quality management.
This is a discussion paper that looks at the costs and sav-
ings of the stormwater banking approach adopted by
DelDOT and provides useful information regarding pro-
gram implementation for anyone considering initiating a
similar approach.

Introduction

In 1996, in response to impacts from water quality con-
trol laws at both the state and federal levels, a memoran-
dum of agreement (MOA) was drawn between DelDOT
and the state’s stormwater regulatory agency, the Dela-
ware Department of Natural Resources and Environmen-
tal Control (DNREC)!. This MOA establishes criteria
whereby DelDOT can consider a regional alternative to
the on-site approaches set forth by statute. It allows
DelDOT to mitigate the water quality impacts associated
with highway projects elsewhere in a watershed if on-site
options are not practicable. The agreement is for water
quality control only. Increases in peak flow rates associ-
ated with highway development must still be controlled on-
site. While the approach deviates from the on-site approach
stipulated in state regulations, both parties to the agree-
ment believe it is consistent with state and federal water
quality goals.

The MOA is often referred to as the stormwater “bank-
ing” agreement. The “banking” term is used because imple-
mentation of water quality control best management prac-
tices (BMP) is tracked using a system of credits and deb-
its. Credits and debits are accrued by watershed. Water-
shed delineations can be nebulous, but in Delaware
DNREC officially delineated and defined 41 watersheds?.
The MOA is consistent with this delineation. Each water-
shed represents a separate bank account. Water quality
credits and debits from multiple highway projects may be
applied to each watershed. That is, some projects may be
built without providing water quality control by accruing a
debit to the watershed while other projects that do build
BMPs accrue credits.

This balancing of water quality credits and debits allow
a more flexible implementation of water quality BMPs for
each watershed. Rather than siting BMPs within the limits
of specific projects, DelIDOT may look anywhere in a re-
gional watershed. It is believed this approach will direct
the limited funding available for BMP implementation to-
ward locations most conducive to water quality treatment.
In this way, Delaware can realize a more cost-effective and
environmentally beneficial infrastructure of water quality
treatment measures.

Presently, DelDOT is the only agency within Delaware
to use such a system of stormwater banking. So balanc-
ing or trading of water quality credits is only between
DelDOT projects. It is hoped that other agencies will de-
velop similar agreements so that trading of water quality
credits may be conducted between multiple users. This
could include both private and public entities.

Local Factors That Enable MOA
Development

For those contemplating development of a similar agree-
ment, it is useful to understand the regulatory climate in
Delaware that allowed development of the MOA.

Program Delegation

EPA delegated the National Pollutant Discharge Elimi-
nation System (NPDES) permit program to the state
DNREC. It also delegated the Coastal Zone Management
Program (CZM) to the state. Being a delegated agency of
EPA for both the NPDES and CZM programs gives the
State of Delaware some latitude in implementing its sur-
face water quality control programs.

Also, DelDOT'’s situation is unique among state DOT’s
in that DelDOT is delegated by DNREC to administer its
own stormwater management program. Embodied in the
state stormwater management law is a provision that al-
lows delegation of program functions to other state agen-
cies that can demonstrate the technical and financial abili-
ties to implement this program. DelDOT sought and re-
ceived program delegation in 1991. This gave DelDOT the
ability to design, review, and permit its own projects for
stormwater management.
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Having control of its own stormwater permitting program
affords DelDOT some freedom in program implementa-
tion. In fact, DNREC encourages each delegated agency
to implement policies and procedures that address local
needs and initiatives. This MOA stems from that philoso-
phy and was developed to offer an alternate means of
achieving the state water quality control goals in a way
that considers the limitations of highway projects.

Need For MOA

To understand the need for this MOA one needs to un-
derstand the traditional site-specific approach toward
stormwater management stipulated in the state regulations
and its impact on DelDOT.

Under the state law, DelDOT is required to implement
stormwater management controls on every project involv-
ing land disturbances of 5,000 square feet or more.
Stormwater ponds and other control measures are required
for drainage areas measuring only fractions of an acre.
Highway projects, being long and linear, cut across mul-
tiple watersheds, sub-watersheds, catchments, and sub-
catchments - requiring multiple stormwater ponds on ev-
ery project. DelDOT has found this site-specific require-
ment leads to a proliferation of small expensive stormwater
management ponds.

One project in particular illustrates this fact. State Route
1, North of Smyrna, Delaware, consists of a 6 mile stretch
of 4-lane dual divided highway on a new alignment®. The
preliminary project plan submittal proposed 43 ponds to
manage the runoff from every drainage area affected by
the project. Each drainage area was on the order of 1-2
acres. Later this number was reduced to 13 ponds by com-
bining the runoff from multiple drainage areas. But this is
still a large number, especially since it only addresses the
needs for one project. When the whole transportation sys-
tem was considered, it became evident to DelDOT that
the site-specific approach to stormwater quality control
would lead to an unsupportable expansion of public infra-
structure.

Somewhat worse situations arose on widening projects
where multiple stormwater ponds had to be fit into previ-
ously developed landscapes. On projects such as the wid-
ening of Naamans Road, DelDOT actually purchased
homes to make room for stormwater ponds*. The cost in-
cluded the fair market value of the homes, relocation of
the residents, demolition of the existing structures, and
construction of the ponds. In one case, the cost of a pond
to treat less than a 2-acre drainage area exceeded
$300,000.

Because of the SR-1 and Naamans Road experiences,
in the fall of 1994 DelDOT took an inventory of all
stormwater management facilities planned for construc-
tion over the next 6 years (FY95-2000). An examination of
project plans indicated that at least 114 new stormwater
management ponds were in some stage of design or con-
struction. Of those facilities, a representative sample of 37

ponds examined to determine some average conditions
that could be applied for cost estimating purposes:

« The average land area required per

pond 0.75 acres
« The average volume required per

pond 3,000 cubic yards
* The average depth of the ponds 4 feet

» The average cost of real estate $25,000/acre

From these parameters, stormwater pond construction
was estimated by applying the mean cost of DelDOT con-
struction pay items. The cost per pond came to $85,225.
This included real estate acquisition, design, and construc-
tion costs. The projected construction cost for all 114 ponds
was estimated at $9,715,650.

The inventory and cost estimate also included other types
of stormwater management practices planned for imple-
mentation on DelDOT projects for this time period. Included
were infiltration trenches, biofiltration swales, and sand fil-
ters. Their costs were estimated to be $497,460. The total
construction cost of all stormwater management practices
for the 6-year period (FY1995-FY2000) was estimated at
$10,213,109.

Compared to the $463,349,000 Capital Transportation
Improvement Program Budget for this period, the cost of
stormwater quality control implementation amounted to only
2.2% of the budget. But while 2.2% may seem small, it still
amounts to a substantial investment in public infrastruc-
ture. And certain recent projects raised doubts as to
whether the limited funds available were being used in the
most effective manner.

For example, the Lancaster Pike widening project in-
cluded 816 linear feet of sand filters to treat the runoff from
about two acres of roadway pavement®. Of the two acres,
only about one acre was new pavement. The cost for the
filters was $326,400. It seemed exorbitant to managers at
DelDOT, but at the time of design no alternative existed.
The project’s steeply sloped and high-cost real estate sur-
roundings were not conducive to less-expensive options
and the on-site requirements in the regulations obligated
DelDOT to provide water quality control for this drainage
area. This project caused DelDOT managers and mem-
bers of the public to question whether the high cost of water
quality control was worth the seemingly miniscule envi-
ronmental benefit which was difficult to measure. Because
of this and several similar situations on other projects,
DelDOT and DNREC collaborated to devise a better way.

The Stormwater Banking Concept

The quality of water in a stream depends on many fac-
tors - just one of which is stormwater runoff. When consid-
ering non-point sources of pollution, itis commonly thought
that all land surfaces contribute some degree of pollution.
And the relative amounts of pollution will vary naturally
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within watersheds from one sub-area to another. In this
context, the quality of stormwater runoff from any single
sub-area is not a significant determinant of stream water
quality. Pollution levels then can be increased or decreased
from one area to another with no adverse affect to stream
water quality. As long as the cumulative impact to the
stream stays the same, or is reduced, stream water qual-
ity will be preserved or even enhanced. The MOA is based
on this concept of balancing the levels of pollution from
multiple sub-watersheds.

Specifically, the MOA allows DelDOT to provide
stormwater quality.controls at an a tentative location in the
event the implementation of similar controls at a specific
project site is not practicable. The measures installed at
alternate locations must provide stormwater quality treat-
ment for an equivalent amount of highway runoff as that
going untreated at the project site. In choosing alternate
locations, preference is given to sites within the same wa-
tershed as the project. Projects requiring water quantity
control must still address it on-site. Ways of providing wa-
ter quantity control without building a pond are discussed
in appendix 'A’ of the MOA.

This concept of balancing stormwater treatment from one
area to another, literally treating some areas while letting
other areas go untreated, is often referred to as stormwater
“banking”. And, as is the case with Delaware’s MOA, the
concept normally uses an accounting system of credits
and debits to track the overall level of water quality control
implementation in each watershed - hence the term “bank-
ing”.

Stormwater “banking” offers an alternative to the site-
specific approach by helping to facilitate a regional planned
approach to stormwater quality management. Regional
planning for water quality control involves prioritizing the
various water quality treatment needs in each watershed
and targeting implementation of control measures in the
locations they will do the most good. In theory, this should
minimize the overall number of stormwater management
measures and maximize their cumulative effectiveness. In
this way, taxpayers should receive the greatest return on
their investment in public infrastructure designed to treat
highway runoff - both in terms of initial construction costs
and long term maintenance.

This stormwater “banking” concept is not particularly new
or original. Similar approaches are frequently employed
on projects all over the country. But it is seldom well docu-
mented and is often viewed as bending the rules. This MOA
formalizes the criteria by which DelDOT will determine
compliance when it is not practicable to manage stormwater
quality “on-site”. And it validates the approach as an ac-
ceptable alternative.

MOA Triggered by Variance

It should be noted that DNREC was reluctant to depart
completely from the requirement to manage stormwater
quality on-site. In Section 2.2 of the MOA, it was DNREC's

desire to limit the use of stormwater “banking” by allowing
its use only after first exhausting all on-site alternatives. In
its final form, the MOA is reserved for projects located in
areas that pose difficult site constraints or which other-
wise offer little opportunity to implement permanent water
quality control measures on-site. The terms of the MOA
may be invoked only through the granting of variance in
accordance with Section 3.3 of the Delaware Sediment
and Stormwater Regulations. Variances may be granted
only after demonstrating that exceptional circumstances
exist at a project site which would result in unnecessary
hardship and not fulfill the intent of the regulations.

Site Selection

Selection of appropriate sites for stormwater banking is
accomplished through guidance provided by DNREC wa-
tershed managers. The MOA encourages a collaborative
effort in selecting a site.

Section 1.2 of the MOA defines 41 regional watersheds
which is consistent with the delineation established by state
and federal water resource managers (see the-draft Dela-
ware Wetland Banking Agreement)?. It is preferable under
the MOA to mitigate the water quality impacts from a project
within the same watershed. However, if the committee of
resource managers established under Section 3.4 deter-
mines it is appropriate to mitigate outside the watershed,
then this option may also be considered.

Types of Water Quality Control Alternatives
Allowed

Section 3.3 of the MOA lists the alternative types of wa-
ter quality treatment methods available to DelDOT. The
goal of this section is to encourage the use of alternative
water quality control methods that best meet the water
quality control needs for each watershed. The available
options focus on protecting key natural areas such as
streams and wetlands. Other banking agreements re-
viewed emphasized providing only stormwater manage-
ment ponds or infiltration measures®. DeIDOT and DNREC
felt it was important to encourage wetland creation, resto-
ration, and enhancement as a water quality improvement
measure. The list includes: source controls, removal of
existing pavement, reforestation of cut woodlands, replace-
ment of riparian vegetation, retrofitting existing stormwater
ponds, removal of illicit connections. The list itself is not
meant to be all-inclusive. All reasonable water quality im-
provement techniques will be considered under this MOA
provided they help meet the water quality goals for the
watershed being considered.

One alternative that was considered, but later ruled out
was conservation/preservation easements. This option
would have allowed DelDOT to purchase the development
rights to lands deemed worthy of protection such as up-
land forests which are extremely important from a water
quality perspective. Unfortunately, DNREC felt this option
did not mitigate increased pollution. As they saw it, preser-
vation easements only maintain the status quo. DNREC
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argued that if DelDOT were allowed to increase pollution
at one location in a watershed, then an equivalent amount
needed to be reduced elsewhere. Preservation easements
did not meet that test.

Accounting System

Section 3.5 establishes the accounting procedures for
water quality debits and credits. They are accrued by wa-
tershed and each watershed can be thought of as a sepa-
rate account. Currently, DelDOT is tracking the number of
credits and debits using Microsoft Excel software.

Counting credits and debits seems like it ought to be a
fairly easy thing, but it becomes very complicated if cer-
tain factors are considered such as whether the land treated
is impervious, farmland, subdivision, or forest. Questions
arise such as, is it fair to give equal credit to a measure
that treats runoff from fallow fields as one treating road-
way runoff. Other complicating factors include whether the
treatment measure is in the same watershed as the project.
Should it be given equal credit? Maryland’'s agreement
attempts to consider these factors. DelDOT decided this
approach was just too cumbersome for our purposes. We
limited the credits to the actual acreage of impervious sur-
face treated. Even with this simplification, a supplemental
worksheet was prepared at the request of project design-
ers struggling with the accounting of water quality credits
and debits.

Modification and Termination of MOA

It was important that both parties have the ability to alter
the agreement. Since the regional concept had not been
tried in Delaware previously, neither party was quite sure
how well the concept could be implemented with this simple
agreement. It is expected that the MOA will need updating
from time to time as our understanding of the regional
stormwater management approach matures. Therefore,
Sections 3.4 and 3.7 of the MOA allow for modifications
upon written agreement of both parties.

Both parties acknowledge the agreement relies heavily
on a mutual understanding of each agency’s needs and
limitations. It will succeed as long as conditions exist which
foster a cooperative spirit. This could change over time
because of political or personnel changes which might re-
sult in philosophical differences. Should the relationship
degrade, the MOA may be terminated upon written notifi-
cation by either party in accordance with Section 3.8.

Funding of Stormwater Banking Projects

The MOA itself does not stipulate the way DelDOT will
fund stormwater banking projects. Funding opportunities
will vary over time so there seems no reason to create
binding arrangements in the agreement. The agreement
does, however, establish a funding time frame under Sec-
tion 3.5. This Section obligates DelDOT to fund a banking
project to mitigate for previous debits within three years of
first using the MOA.

There is no expectation that federal or state grants will
help fund this program. Rather, funding will be part of

DelDOT'’s operating and capital improvement budgets.
However, DelDOT is investigating other funding options.
Current funding options being used or considered include
the following alternatives:

1. Banking projects funded as component of highway
contract

2. Percentage of contract cost held in escrow from mul-
tiple projects or programs

3. Public-private partnerships
4. Public-public partnerships

Under item (1), if banking can be accomplished within
the limits of an existing project, the costs can be made
part of that project. Normally, this is done when an oppor-
tunity exists to manage the runoff from more land than what
is required under the project, such as adjacent existing
highway. In this way, water quality credits are accrued for
the watershed in question. Future projects then may be
built without stormwater quality controls by taking debits
against the credits accrued by earlier jobs.

Under item (2), DelDOT will hold a certain percentage
of program funds aside for stormwater banking implemen-
tation. For instance, this is being done with DelDOT's Pave-
ment Management Program which funds pavement over-
lays, shoulder paving, and minor (1'-3") lane widening
projects. In FY99, 1% of program funding ($320,000.) is
being set aside to address water quality concerns arising
from this program. The amount set aside is based on an
estimate of additional acreage of impervious surfaces cre-
ated under the program. Mitigation efforts will be focused
in one or two high-priority watersheds to balance the im-
pacts of many projects from multiple watersheds around
the state. Under this scenario, highway projects may be
started prior to actually having a banking project initiated.
So long as the funding is available, the impacts from ear-
lier projects can be mitigated within the 3-year time limit.

Iltem (3) has been discussed but no agreements have
been reached as of this writing. However, it is envisioned
that a private developer or group of developers could part-
ner with DelDOT to build one or more regional facilities
that manage the runoff from both private and public land.
There are multiple ways to fashion a partnership under
this scenario. The main bargaining chips include land, de-
sign services, construction, and future maintenance.

The public-public partnership under item (4) presents
itself in locations where multiple public agencies share real
estate, but maintain separate operating budgets. DelDOT
has identified several locations where other state agen-
cies, local governments, and school districts may partner
with DelDOT to share the costs of building and maintain-
ing a stormwater banking facility. No agreement has been
signed to date, but several are in draft stages.

Both options (3) and (4) rely on equitable distribution of
costs. DelDOT is settling on a formula of distributing costs
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based on percentage of land contributing runoff. The cost
to each partner is the total cost multiplied by each part-
ners respective acreage of land as a percentage of total
acreage contributing runoff to the facility. This formula is
used to divide construction costs. It can also be used to
determine each partner’'s annual share of maintenance
costs.

Property Acquisition Concerns

It remains to be seen what authority DelDOT will be able
to exercise in acquiring property for stormwater projects
when it has to mitigate for highway jobs located a consid-
erable distance away. There was concern that DelDOT
would never be able to settle on a site because property
owners would argue that we could always locate it some-
where else. In his legal review, the Deputy Attorney Gen-
eral (DAG) felt that DelDOT would enjoy all the same au-
thority we have now. That is, if we needed property for
stormwater management purposes we could obtain it ei-
ther voluntarily or through invoking the state’s right of im-
minent domain. The DAG'’s opinion was that as long as we
can show that the sites we pick are the most practical and
feasible locations we would be justified in the taking. He
did not think we would need to prove the chosen sites are
the only feasible locations’.

Cost Comparison on Porter Road Project

Phase | of the Porter Road widening project serves as a
good example to illustrate the potential savings of the re-
gional approach allowed under the MOA. The project be-
gins at the intersection of Route 896 and extends 2.225
miles East to the intersection of route 72. It involves the
widening of the existing 18-ft roadway to a variable width
of 48 - 60 ft. The project has outfalls to three of the 41
watersheds defined in the MOA. Within those watersheds,
13 sub-areas were identified as requiring separate
stormwater management measures. The initial design was
submitted with 13 stormwater management ponds to con-
trol the increased peak rates of runoff and non-point source
pollution associated with the roadway project for each of
those 13 subareas. The proposed measures would treat
the runoff from only those areas within the immediate
project limits. Their design was typical of small-scale
stormwater ponds, lacking in aesthetic appeal and mar-
ginal in the overall water quality benefit to downstream
areas. The estimated cost of this site-specific approach
was in excess of $1 million.

Later it was determined that the MOA criteria would of-
fer a better alternative for this project. The design proposed
building wetlands instead of stormwater management
ponds. The revised design included the following compo-
nents:

« Wetland creation in the headwaters to Belltown Run
to prevent downstream flooding and improve water
quality,

« Restoration of 1 acre of previously filled wetland at the
Porter Road Belltown Run crossing restoring flood plain
storage and stream habitat,

« Retrofitting of an existing county owned stormwater
pond to incorporate water quality control components
(i.e. with extended detention), and

* Enhancement of an existing degraded wetland at the
Porter Road and Route 72 intersection which involves
the eradication of phragmites and creates wetlands in
the upland areas adjacent to a narrow band of exist-
ing wetlands.

In addition to treating the runoff from the Porter Road
project, an additional 25 acres of existing roadway was
afforded water quality treatment that accrued as credits in
the Christina River watershed. These credits are being used
to balance the water quality impacts from the Salem Church
Road project in the same watershed. The cost of this ap-
proach is estimated at $1.2 million. However, substantial
savings will be realized when future projects make use of
the credits afforded by the Porter Road Project.

This comparison illustrates the potential economic sav-
ings that can be generated through use of the MOA but
DelDOT believes the measures installed under the MOA
are also more effective from an environmental standpoint.
The larger scale of these facilities allows more innovation
in design resulting in many secondary benefits in terms of
wildlife habitat, aesthetics, and public acceptance.

Consistency with Federal Surface Water
Quality Control Programs

It was DelDOT and DNREC's intent to ensure the MOA
was consistent with other water quality control programs
at the state and federal levels. Section 2.1 of the MOA
makes very general statements regarding this consistency
merely to confirm that in fact these programs were consid-
ered. A more in-depth discussion of how the MOA meets
the water quality requirements is provided below.

TMDL Program

Section 303(d) of the Clean Water Act requires states to
develop a list of water bodies that need additional pollu-
tion reduction beyond that provided by the application of
existing conventional controls. The law requires states to
identify all waters needing water quality improvement.
Those portions of streams not meeting designated use
standards are termed “Water Quality Limited”.

Water quality limited waters require the application of
Total Maximum Daily Loads (TMDLSs) to determine the
allowable stress for each stream. A TMDL is the level of
pollution or pollutant load below which a water body will
meet water quality standards and thereby allow designated
use goals, such as drinking, water supply, swimming, fish-
ing, or shellfish harvesting to be achieved.

The TMDL approach to watershed management recog-
nizes that streams have a certain capacity to carry pollu-
tion without any discernible impact to the designated use
of a stream. It recognizes that restoration of stream water
quality may require a balancing of pollutant loading from
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multiple sources in a watershed. The MOA is consistent
with this concept and may to some extent help facilitate a
system of trading water quality credits between multiple
users within a watershed.

NPDES Stormwater Permit Program

Section 402(p) of the Clean Water Act establishes per-
mit requirements for certain municipal and industrial
stormwater discharges. New Castle County, Delaware was
identified under the Phase | NPDES Stormwater Permit
program as requiring a permit for the discharge of
stormwater from the municipal separate storm sewer sys-
tem (MS%). Also, all construction activity disturbing more
than 5 acres of land was identified as an industrial activity
requiring a stormwater discharge permit. This legislation
affected all storm drains owned and operated by DelDOT
in New Castle County and also affected DelDOT construc-
tion activity statewide.

The statute mandated that owner/operators of storm
sewer systems implement regional stormwater manage-
ment plans utilizing a watershed approach. Stormwater
banking ran be a component of such a plan.

The concept of banking stormwater quality improvement
credits is consistent with the federal statutory requirement
of implementing controls to reduce the discharge of pollut-
ants from municipal separate storm sewer systems to the
maximum extent practicable. The operative phrase in the
statute is, “reduce... to the maximum extent practicable”.
Neither the law nor the regulations requires the discharge
of pollutants associated with stormwater runoff to be elimi-
nated or reduced at all cost. While the implementation of
stormwater quality controls on each and every transporta-
tion project may be a desirable goal, it is recognized such
a goal may not be realistic, cost effective, or practicable.

DelDOT believes it will be able to demonstrate compli-
ance with the legal intent of the statute because the bank-
ing approach is based on the water quality control needs
of the overall watershed. This is especially true if DelIDOT
can show consistency with the TMDL for each stream sec-
tion. However, It may be possible for a citizen to lodge a
complaint under the statute if there is a measurable in-
crease in pollution at a specific site where water quality
controls were determined to be impracticable to implement
These types of complaints would likely come when a wa-
ter quality impact is readily noticeable by the general pub-
lic, such as where a storm drain discharges trash, debris,
sediment and the like from a roadway onto adjacent prop-
erty. This would most likely be the case on new alignments
if control measures were not implemented. Improvements
to existing alignments would not be as likely to generate
these types of complaints because roadway type pollution
would already be present. Adding another lane under a
widening project is not likely to change the character of
the pollutants to a great degree, although the total mass of
the various pollutants may increase slightly.

For these reasons the agreement emphasizes the imple-
mentation of water quality controls onsite for major road-

way improvement projects, such as new alignments. It
encourages utilization of the banking concept only on more
minor types of projects, such as intersection improvements
and lane widening projects where it is typically more diffi-
cult to incorporate stormwater management measures.
Also, a maximum debit limit of 5 acres is allowed to accu-
mulate statewide before it must be mitigated by implemen-
tation of a water quality control project. The 5-acre limit
was chosen to coincide with the 5-acre limit established in
the NPDES stormwater regulations for construction activ-
ity. The law requires implementation of water quality con-
trols when 5 or more acres of ground is being disturbed by
construction. Under the agreement, DelDOT may do sev-
eral small projects each disturbing a fraction of the 5 acres.
But once the aggregate of all watersheds exceeds the 5-
acre limit, DelDOT must undertake a project to mitigate for
those cumulative impacts.

Coastal Non-Point Pollution Control
Program

Section 6217 of the Federal Coastal Zone Act Reautho-
rization Amendments (CZARA) of 1990 mandated that each
state in the coastal zone initiate a coastal non-point pollu-
tion control program. The intent of the law was to encour-
age EPA, NOAA, and the states to place special and ex-
peditious attention on protecting the nations coastal water
from urban sources of nonpoint pollution.

EPA excluded from coverage under Section 6217 all
stormwater discharges covered by Phase | of the NPIDES
stormwater permit program. That is, any stormwater run-
off that ultimately is regulated under an NPIDES permit
will not be subject to the requirements of Section 6217 of
the CZARA once the permit is issued. For instance, dis-
charges of stormwater from construction activities disturb-
ing more than 5 acres of land and New Castle County’s
municipal separate storm sewer system were excluded
from the Coastal Non-point Pollution Control Programs.

That still left several sources of pollution that needed to
be addressed under the Coastal Zone Act. Specific areas
affecting DelDOT included requirements to control runoff
from existing roadways and bridges and runoff from con-
struction sites that result in the disturbance of less than 5
acres of land.

The notion of building stormwater treatment measures
as the only item of work was not commensurate with the
mission of DelDOT which is to build transportation sys-
tems, not water quality treatment systems.

Fortunately, the Section 6217(g) Guidance encouraged
a whole watershed planning approach in implementing
stormwater management measures. Again, the MOA on
stormwater banking is consistent with this concept and may
to some extent help facilitate the process. From DelDOT’s
perspective, the MOA helps DelDOT justify the expendi-
ture of transportation funds on water quality control mea-
sures for existing roadways and bridges. As discussed
above, the implementation of stormwater management
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control measures in accordance with the terms of the MOA
can be less expensive than a site-specific approach. There
is an economic incentive then for DelDOT to undertake
projects solely for the purposes of treating stormwater runoff
because of the savings accrued to future roadway projects.

Section 404 Wetfands Permitting Program

The MOA allows the implementation of many alternative
types of surface water quality control measures, one of
which is creating wetlands. Wetland creation in areas des-
ignated as uplands will provide stormwater quality treat-
ment in accordance with the stormwater regulations. With
the US Army Corps’ concurrence, it may also qualify for
wetland mitigation credits required for highway projects.

In searching for a site to build a regional stormwater
management facility, if is often the case that a stream or
wetland is identified as the only feasible location. How-
ever, it is not usually possible to acquire permits to locate
stormwater management measures in existing wetlands,
nor does the MOA encourage this activity. Under certain
circumstances, however, the regulatory agency may be-
lieve work in a wetland is beneficial to the resource such
as by restoring a previously filled wetland. For instance,
DelDOT has restored previously filled wetlands for mitiga-
tion credits on several projects. If these restored wetlands
rely on surface runoff from roadways to provide the hy-
drology needed to support the wetland, then stormwater
quality credits may also accrue under the MOA for the
watershed in question.

Conclusion

The on-site approach to implementing water quality treat-
ment measures encourages a proliferation of small, ex-
pensive, and maintenance intensive practices on DelDOT
highway projects that may not offer the best solutions
needed for the watersheds in question. Stormwater bank-
ing offers one possible alternative because it allows imple-
mentation of treatment measures anywhere in a water-
shed so they may be targeted toward the areas they are
needed most.

Delaware’s MOA allows a broad array of treatment meth-
ods, such as wetland creation, reforestation, and elimina-
tion of existing pavement. This is intended to encourage
innovation in meeting the water quality requirements and
protect key natural areas. The MOA also offers a uniform
procedure for tracking water quality credits and debits ac-
crued in each watershed. DelDOT is finding the stormwater
banking approach to be more flexible and cost effective
than the traditional on-site approach.
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To achieve national water quality objectives, we must
retrofit existing stormwater infrastructure to manage pollu-
tion in runoff. Many public works and water resources pro-
fessionals have suggested that stormwater utilities are an
important, if not essential, funding source for retrofit
projects. We examine in this paper the role of stormwater
utilities in financing retrofit projects and programs. Based
on a broad assessment of the need for funding and a brief
overview of the evolution of stormwater utilities, we con-
clude that stormwater utilities are perhaps the best institu-
tional approach to financing retrofit programs, but that they
are not a panacea. The major issues in implementation of
effective retrofit programs will be economic and therefore
political. Stormwater managers can help constrain and fo-
cus political debate through careful analysis.

How Much Do Retrofits Cost? What is the
Need For Funding?

The answers to questions about the costs of retrofits
and programs to control the quality of stormwater runoff
depend on many different factors. These factors include
the characteristics of runoff quantity and quality, the size
of the watershed where projects are being planned, the
severity of water quality problems, the water quality objec-
tives, and the types of best management practices that
are being proposed. A short, safe answer that recognizes
variability among places is that programs will be expen-
sive, ranging from tens of thousands of dollars in relatively
small places to achieve modest objectives, to tens or hun-
dreds of million dollars in larger cities with moderate to
severe problems.

We provide here several brief examples of the potential
magnitude of costs of retrofit programs. Our examples are
by no means exhaustive and they are not necessarily rep-
resentative. We have chosen published estimates or used
cases with which we are familiar simply to demonstrate
that experts believe costs will be significant and contro-
versial. These examples should be sufficient to convince
skeptics or individuals who have not thought systemati-

cally about the economic aspects of retrofit programs, that
a critical task in implementation of a program is identifica-
tion of sources of revenue.

Our examples include estimates of the costs of programs
at the national level, for a watershed, for a large city, and
for a small town (Table 1). In a project for the American
Public Works Association, James M. Montgomery (1992)
estimated the capital and operation and maintenance
(O&M) costs for large and medium cities to comply with
EPA's stormwater rule. Capital estimates ranged from $147
million to more than $400 billion, depending on assump-
tions about the level of treatment for runoff. Estimates of
O&M costs ranged from $1.2 billion to more than half a
trillion dollars, again depending on assumptions about level
of treatment. Reasonable questions can be raised about
these estimates. Some experts suggest that they are too
high because advanced treatment never has been con-
templated for stormwater. Other critics contend that these
estimates were made primarily for political purposes and
to support opponents to the then-proposed federal
stormwater rule who argued that costs were prohibitive.
Regardless, they are suitable for our purposes. They dem-
onstrate clearly the need for financing and they show that
the costs of programs will be controversial.

More recently, EPA modeled the Phase | Storm Water
needs to inform Congress of the costs of programs to con-
trol pollutants in urban runoff. Approximately 266 Phase |
stormwater permits that regulate about 850 municipalities
will be issued. The Phase | needs estimates were prepared
to determine the stomwater management costs that might
be eligible under state revolving fund (SRF) loan programs.
The SRF-eligible costs include costs for developing and
implementing municipal management programs, including
capital costs for structural controls and BMPs. The total
modeled costs are $7.4 billion. These costs do not include
O&M costs, costs of land acquisition, permitting costs, costs
of developer-financed BMPs; or several other categories
of costs. These estimates, which were subject to peer re-
view prior to their release, also are significant. These esti-
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Table 1. Selected Costs for Stormwater Programs

Estimated Costs for BMPs in Regulated Municipalities (Montgomery 1992)

Capital o&M

1. Source controls

2. Increased maintenance + 1

3. Construction of moderate controls + 2
4. Construction of detention basins + 3
5. Advanced treatment plants + 4

$147,100,000
$147,000,000
$83,139,500,000
$91,130,900,000
$406,734,900,000

$1,155,000,000
$32,607,800,000
$86,223,700,000
$90,097,500,000
$542,036,700,000

Estimated Costs for Phase | Storm Water Programs (EPA 1997)

Modeled SRF-eligible costs

$7,400,000,000

Costs for Pollutant Reduction in the Menomonee River Watershed,
Milwaukee, Wisconsin (WDNR 1992)

Core (source controls)
Segment (planned, new areas)
Segment (existing areas)

Total

$3,400,000
$11,700 000

$94 - $184,000:00
$110 - $200,000,00

Estimated Rehabilitation Costs in Indianapolis, Indiana

Capital
Household

$283,000,000
$54

mates also have political dimensions; they were prepared
to inform Congressional debate over funding for water
quality programs.

In general, better cost estimates can be made for smaller
geographic areas because site specific factors can be taken
into consideration and fewer general assumptions need
be made. The Wisconsin Department of Natural Resources
(1992) has estimated the costs to achieve pollutant reduc-
tion objectives for the Menomonee River in Milwaukee,
Wisconsin. The Menomonee River watershed is 136
square miles, is 60% urban, and contains 18 municipali-
ties and parts of four counties. To meet ambient water qual-
ity standards, programs are needed to reduce sediment
by 50%, phosphorus by 50%-70%, and lead by 35%-70%.
The corresponding cost estimates for “segment” controls
for existing areas of development range from $94 million
to $184 million.

In many of the nation’s larger cities, stormwater infra-
structure has fallen into disrepair, and significant invest-
ments will be required simply to meet generally accepted
engineering standards for stormwater conveyance and
flood control, let alone implementation of BMPs to meet
water quality objectives. In Indianapolis, Indiana, for ex-
ample, a mayor’s blue-ribbon panel estimated the costs to
rehabilitate stormwater infrastructure at $283 million. The
infrastructure includes 1750 miles of storm sewers, more
than 1000 outfalls, more than 50 miles of levees, and a
number of regional detention ponds. The panel did not
estimate costs for programs to manage pollution in runoff.

In smaller towns, individual projects that in larger cities
would be considered routine can pose significant burdens.
In Vincennes, Indiana, a city with a population less than

20,000 and a median household income two-thirds of the
state median, the city is responsible for pumping water
from a drainage ditch over levees into the Wabash River
whenever water in the ditch reaches specified elevations.
The pumps are more than 50 years old and are in poor
repair. The city estimates annual costs for City Ditch to be
approximately $50,000, but no existing sources of revenue
are available to pay for rehabilitation and related O&M
costs.

In sum, while the estimated costs of retrofits vary tre-
mendously with the scale and scope of a program, invari-
ably new sources of revenues will be required to pay for
new programs. The costs of programs are debated by of-
ficials who have responsibility for implementation of them.
Stormwater utilities have emerged from these debates as
the option of choice to fund new programs.

How Can Retrofit Programs Be Funded?
What Are Stormwater Utilities?

Most jurisdictions historically have paid for investments
in stormwater infrastructure with revenues from property
taxes and other general revenues. Many, if not most juris-
dictions, now rely on a variety of sources to finance com-
prehensive stormwater programs. Table 2 is an abbrevi-
ated list of sources of revenues available to pay for differ-
ent elements of stormwater programs. One key observa-
tion from this list is that the sources of revenues most im-
portant for retrofit programs are property taxes and
stormwater user charges.

Stormwater user charges or fees are charges based on
some indicator or proxy for the actual volume of stormwater
runoff that leaves a property. The most common type of
charge is based on the amount, or square footage, of im-
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Table 2. A Functional Approach to Stormwater Financing

BMP Option

» Watershed planning - general revenues (property, income
taxes)

- stormwater user Charges

« Source controls
- Enforce ordinances
- Development regulation

- general revenues, stormwater user
charges
- plan review & inspection fees

* Maintenance (e.g., street
sweeping)

- general revenues
- stormwater user Charges

« Capital projects
- new development
- retrofit existing areas

- developer exactions, fees-in-lieu

- bonds, sinking funds

- general revenues, stormwater user
charges

pervious area on a parcel. Other bases for stormwater
charges include the area and proportion of impervious
cover on a parcel, the intensity of development, and the
type of land use. In some instances, an estimate of the
actual volume of runoff or some estimate of the concen-
tration of pollutants in runoff may be used as the basis of
charges. Examples of rate structures are shown in Table 3.

Stormwater charges usually are administered by a
stormwater utility, an administrative unit or institution es-
tablished within or across jurisdictions for the purpose of
managing runoff and related problems. Revenues collected
by utilities are placed in separate enterprise funds or ac-
counts and can be used only for stormwater related ex-
penditures. The first stormwater utilities were established
in the mid-1970s, primarily to provide sources of revenue
for maintenance of stormwater infrastructure. Since the
1970s, the number of utilities has grown tremendously,
fueled in part by the efforts of stormwater managers des-
perate for funds to do their jobs.

Since the 1980s, as part of efforts to develop new sources
of revenues for stormwater programs, a number of sur-
veys of stormwater utilities have been completed. Table 4
is a summary of some of the results of these surveys. Im-
portant observations include:

» Average annual charges for residential property own-
ers range from $15 to $130.

« Average annual charges have increased over time.

» Stormwater charges are the source of most revenues
for most stormwater utilities.

 The proportion of charges from different types of prop-
erty varies considerably.

« Total revenues from charges are significant and in-
creasing.

What Are the Advantages and
Disadvantages of Property Taxes and
Stormwater User Charges? Why Has the
Number of Stormwater Utilities Increased?

Stormwater utilities and user charges offer a number of
advantages over property taxes, the main alternative, al-
though taxes are preferable by some criteria (Table 5). Itis
useful to consider the drawbacks of charges first.
Stormwater user charges are more difficult and costly to
implement than are taxes because institutions and proce-
dures to levy and collect taxes are already in place. User
charges are not deductible from federal and state income
taxes, and they are not elastic. Property taxes, on the other
hand, are deductible, and revenues from them increase
as property values appreciate without explicit decisions by
officials to increase rates or levies. Revenues from user
charges increase only if officials vote to increase rates.

Despite these disadvantages, reliance on stormwater
user charges is increasing, partly because user charges
are perceived as a more stable source of revenues. As
noted above, revenues from charges are placed in enter-
prise funds and can be used only for stormwater related
expenditures. Funding from general revenue sources like
property taxes is never secure because of fierce competi-
tion among political leaders and program managers for
scarce dollars. Under property tax systems, stormwater
managers often cannot count on budget allocations, do
not have as much control over their budgets, and cannot
plan as well.

Perhaps the most important reason that the number of
user charge systems is increasing is that property owners
believe charges are fairer. Impervious area - the basis for
most stormwater charges - can be measured and is a rea-
sonably objective measure. The idea that property owners
pay in proportion to the measured amount of hard surface
on their property seems fair. Property values, conversely,
are unrelated to the problem of runoff and perceived as
highly subjective. Many surveys suggest that property taxes
are the least popular form of tax.

A final reason that charges are preferable to taxes is
that they provide incentives for property owners to reduce
the amount of impervious area on their property and thereby
reduce volumes of runoff. Depending on how credits
against charges are structured, they also can provide in-
centives for on-site management

Local officials routinely consider these tradeoffs when
evaluating sources of funds for new programs like retrofit
programs. Because perception of fairness is such an im-
portant factor in public finance, it is useful to elaborate on
the issue of equity.

Who Pays More Under Property Tax and
User Charge Systems?

Although charges typically are perceived as fairer than
property taxes, this does not necessarily mean that any
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Table 3. Utility Rate Structures in Austin, Cincinnati, and Ft. Collins

Austin, Texas

Cincinnati, Ohio

Ft. Collins, Colorado

Intensity of Basic
Land Use Rate Development Category Runoff Rate
Categories Factors Rate Categories Factors Development Coefficient Factor
* Undeveloped .10 «Class A .25 *Very Light .00-.30 .25
Residential (<
10,000 sq. ft.)
* Residential .40 *Class B .20 eLight .31-.50 .40
Residential (>
10,000 sq. ft.)
* Nonresidential .80 *Class C *Moderate .51-.70 611
- Commercial .85 *Heavy .71-.90 .80
- Industrial .75 *Very Heavy .91-1.0 .95
- Multi-family .60
- Transportation .50 Runoff Coefficient (C)
- Institutional .40 C = Percent Impervious Area x 0,95
- Agriculture .08 + Percent Pervious Area x 0.20
- Park .05 + Percent Semipervious x 0.50
- Undeveloped .00 where
Area Range -impervious means roof, concrete, etc.
Numbers Area (sq. ft.) -pervious means lawn, open space, etc.
1 0-2000 -semipervious means gravel, etc.
2 2001-4000
3 4001-6000
4 6001-8000
Table 4. Overview of Selected Stormwater Utility Surveys, 1988-1996 (Ungan 1997)
Range of Range of
Total Charge Range of
Range of Revenues Revenues SFR
Range of Range of Total Utility from as % of Charges as
Population SFR* Revenues Charges Total % of all
Date Survey Served Charges (000) (000) Revenues Charges
1988 Stormwater 20,000- $1.25- $263- $425- 78%-100% 24%-62%
Management 684,565 $3.63 $8200 $8200
Adminstration,
Maryland Department
of the Environment
(MDE)
(Lindsey, 1988)
1990 MDE NA $1.07- $75- $75- 82%-100% 15%-78%
(Update of 1988 $7.45 10,471 $10,471
Survey)
(Lindsey, 1990)
1991 The Florida NA $1.00- $118- $118- 19% - 100%. NA
Department of $4.50 $6850 $6850
Environmental
Regulation
(1991)
1992 Black & Veatch 11,000- $0.24- NA NA 62% - 100% NA
Communications 329,227 $9.06
(1992)
1992 Apogee Research Inc.  4,300- $1-$4.50 NA $75- 8%-100% NA
(1992) 535,000 $18,316
1993 Apogee Research Inc. NA $0.24- NA NA NA NA
(1994) $9.08
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Table 4. Continued
Range of Range of
Total Charge Range of
Range of Revenues Revenues SFR
Range of Range of Total Utility from as % of Charges as
Population SFR* Revenues Charges Total % of all
Date Survey Served Charges (000) (000) Revenues Charges
1995 Delaware Survey 6000- $0.50- S19.7- NA NA NA
(1995) 2,000,000 $7.16 $21,600
1995 Florida Association of ~ 6000- $0.50- S19.7- NA NA NA
Storm Water Utilities 2,000,000 $7.43 $21,600
(1995)
1996 Raftelis NA $0.15- NA NA NA NA
March  (Water and $10.46
Wastewater Survey)
(1996)
1996 Indiana University, 11,141- $0.24 $53- $1.8- 1%-100% 0.7%-92%
July Center for Urban 487,779 $10.98 $28,000 $28,000
Policy and the
Environment
(Ungan,1997)
1988-
1996 Min: 4300 $0.15 $53,000 $1880 1% 0.7%
Max:: 3,489,779 $10.98 $28,000,000 $28,000:000 100% 92%
Table 5. Advantages and Disadvantages of Taxes and Charges residential property owners, the benefit is partially offset
Critei ch T by the fact that charges are not deductible. Nevertheless,
riena arges @X€S  they typically are better off under charge systems.
« Cost of implementation - + .
« Ease of implementation - + What Are Obstacles To Implementing User
 Deductible by property owner - + Charge Systems’?
« Elasticity of revenues - + o ) )
» Stability of revenues + - Stormwater utilities are an attractive source of funds for
* Fairmess i retrofit programs, and the number of utilities has grown
) giﬁftﬁg ;‘;f/r) pays : ) constantly over the past 20 years. Nevertheless, there are
- Incentives for on-site controls + . a number of obstacles that limit their use. We believe that

particular property owner will be better off under a charge
system than a system of property taxes. It is useful, there-
fore, to examine the relative burden on property owners
under the two systems. Analyses of the relative burden
typically show that, to generate a fixed sum of revenues,
residential property owners pay less under a user charge
system than under a property tax system. Non-residential
property owners like owners of commercial and industrial
properties typically pay less under a property tax system.
For example, to generate $500,000 in Roseville, Minne-
sota, residential property owners would bear 51% of the
burden under a property tax system but only 28% of the
burden under a user charge system (Table 6). Similar re-
sults have been reported in most jurisdictions where utili-
ties have been considered or established. The main rea-
son is clear: non-residential properties are highly impervi-
ous, while residential properties are only moderately im-
pervious, depending on their density. Another reason for
the difference in burden is that tax-exempt property own-
ers like churches, hospitals, and school pay charges. For

the main obstacles are economic and therefore political.
Many people are opposed to all new taxes, regardless of
whether the taxes are perceived as fair. Hence, any time a
utility is proposed, property owners will debate the merits
of the proposal, and political debate will occur. Two recent
cases from Indiana illustrate this point well.

In Vincennes, the Mayor sought new sources of funding
to pay for pumps in City Ditch. The Vincennes City Council
adopted an ordinance that established a mechanism for
allocating charges among property owners in the City Ditch
watershed based on parcel-level estimates of runoff vol-
umes. The Council did not, however, pass a companion
ordinance to establish a volume-charge. The Mayor lost
the next election, and efforts to establish the charge sys-
tem have foundered.

In Indianapolis, background studies for creating a utility
were completed in the 1980s, but no action to establish a
utility was taken. In 1997, following endorsement by the
Chamber of Commerce, a member of the City-County
Council proposed a new utility. The Mayor, who had been
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Table 6.
(Honchell, 1986)

Utility Charges

Distribution of Property Taxes and User Charges in Roseville, Minnesota

Property Taxes

Total Percent of Total Percent of
User/Land Use Category Revenues Revenues Revenues Revenues
1. Residential $148,000 28.5% $260,000 50.1%
2. Cemeteries/Golf Courses $4,000 0.8% $10,000 1.9%
3. Parks $10,000 1.9% - -
4. Schools $11,000 2.1% - -
5. Apartments/Churches $44,000 8.5% $46,000 8.9%
6. Commercial $302,000 58.2% $203,000 39.1%
Total $519,000 100% $519,000 100%

elected on a pledge of no new taxes, did not endorse the
utility, but did not publicly oppose it. Many citizens and some
taxpayer groups opposed the proposal, as did some indi-
vidual members of the Chamber of Commerce. Votes to
establish the utility have been delayed because the pro-
posal lacks the necessary number of votes.

These cases are instructive because they demonstrate
that proposed new utilities will be controversial even when
stormwater problems are long-standing and well known
and the proposals are backed by political leaders. In many
communities, political leaders are unwilling to endure the
high cost of advocating new charges or taxes. Advocates
for retrofit programs necessary to achieve water quality
objectives must convince political leaders that the benefits
of retrofit programs exceed the costs.

Stormwater managers can inform debates through care-
ful analysis. For example, the perceived equity of a pro-
posed system can be enhanced through careful design of
the rate structure, including features such as credits for
on-site controls. Experience of local jurisdictions that have
successfully established utilities demonstrates that there
is not a single, correct approach. Innovative applications
of basic concepts can help provide funds for retrofit pro-
grams.
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Stormwater utilities provide an institutional mechanism
for incentives such as credits or reduced user charges in
the implementation of onsite stormwater management.
Such incentives create greater flexibility by allowing each
user to chose the least-cost option—paying the stormwater
utility charge or implementing onsite stormwater manage-
ment. This paper provides examples of stormwater utili-
ties with credits for onsite storm water management, in-
cluding credits for peak runoff controls, implementation of
water quality best management practices, and proper
maintenance of onsite stormwater facilities. Also discussed
are credits as economic incentives to encourage preven-
tion or reduction of stormwater runoff problems. As eco-
nomic incentives, credits must be sufficient to induce
changes in behavior; however, their impact on total utility
revenues must be examined carefully.

Introduction

A stormwater utility is a public utility established to pro-
vide stormwater management services. Stormwater utili-
ties, like other utilities, rely on dedicated user charges re-
lated to the level of service provided. These user charges
are usually based on the amount of impervious area on a
property (i.e., a proxy for the estimated amount of runoff
discharged from a property). Stormwater utility charges
typically are paid by property owners and managed in a
separate enterprise fund, which is dedicated to financing
local stormwater management services. Most stormwater
utilities are administered under public works departments
or local departments of utilities that also provide wastewa-
ter or water services.

Experience with stormwater utilities has shown that they
are capable of generating substantial revenues for local
stormwater management programs at relatively nominal
charges. Typical monthly charges for residential users
range from $2 to around $6 per month. Nonresidential prop-
erty owners typically pay more because their property is
generally larger and developed more intensively.

Stormwater utilities offer three major advantages over
financing local stormwater programs from the general fund
through property tax revenues. A stormwater utility:

 Provides a dedicated, and stable source of funds for
all facets of stormwater management programs (pol-
lution prevention, capital investments, and operation
and maintenance);

* Raises funds through charges based on a user’s con-
tribution to local stormwater runoff problems an ap-
proach often seen as more equitable to rate payers or
the public; and

 Provides an institutional mechanism to incorporate in-
centives (e.g., reduced charges) for implementation
of onsite stormwater management.

Overview of Credits as Incentives for Onsite
Stormwater Management

The impetus for establishing credits in a stormwater util-
ity rate structure is that a utility may achieve greater flex-
ibility in protecting water quality and aquatic habitat in ur-
ban watersheds at a lower overall cost to the community.
This greater flexibility can also help a utility lower the total
costs of stormwater management for the community. A util-
ity could also reward those users that go beyond minimum
requirements in the local stormwater management code,
if a credit approach is structured accordingly.

Credits are usually made available only to nonresiden-
tial property owners. For utilities where charges to resi-
dential properties account for a significant proportion of
total revenues, there is less potential for the efficiency gains
possible through lowering the total costs of stormwater
management.

From an economic perspective, the extent to which a
credit will increase the efficiency of a stormwater program
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depends partly on the conditions in which it applies. For
example, if individuals who develop property are not given
the option either to build stormwater management facili-
ties and receive a credit or to pay charges and avoid build-
ing facilities, then some of the incentive effect is lost. In
cases where retrofitting is desired, whether or not a credit
will induce property owners to build new stormwater man-
agement facilities where none exist or retrofit existing fa-
cilities to reduce stormwater charges depends on the size
of the charge and the magnitude of the credit.

Examples of Credit (Fee Reduction)
Approaches

A recent survey of stormwater utilities (NAFSMA, 1996)
asked utilities whether they included incentives, such as
reduced user charges, for commercial and industrial prop-
erties that implement onsite stormwater management. Of
the 38 utilities that responded, 71% (27 utilities) had no
fee reduction. Of the remainder of (11 utilities), two major
types of fee reduction approaches were reported: 16% (6
utilities) had fee reduction for peak runoff controls, and
8% (3 utilities) had fee reduction for implementation of wa-
ter quality best management practices or proper mainte-
nance of onsite stormwater facilities. An earlier report on
stormwater utilities (USEPA, 1992) found over 20 utilities
with various types of credits as incentives for onsite
stormwater management.

Some stormwater utilities offer credits for onsite
stormwater detention/retention facilities in new develop-
ments. Credits can also provide incentives for onsite
stormwater detention/retention through retrofitting older dry
detention basins to extended detention basins or control-
ling peak flows through rooftop or underground storage
tanks. Examples of credit approaches for selected utilities
are highlighted below and summarized in Table 1.

Gainesville, Florida

The City of Gainesville’s Stormwater Management Util-
ity provides reduced monthly fees for nonresidential prop-
erties with privately maintained, onsite stormwater man-
agement retention systems. The maximum allowable credit
is 100% of the utility’s “base” fee, which is based on the
amount of impervious area and one-half of pervious park-
ing areas. The percentage of fee credit is determined by
the volume of onsite retention provided (detention volume
is not considered since that stormwater is discharged). The
required volume is determined by the 25-year, 24-hour
storm. Most credits range from 15 to 35%.

Orlando, Florida

In the City of Orlando, the stormwater utility provides a
lower rate for commercial and multi-family residential prop-
erties with onsite stormwater management facilities. Such
properties with approved onsite retention or detention get
a credit on the rate charged per ERU (equivalent residen-
tial unit). The typical rate is $66.00 per ERU. The lower
rate for properties with approved onsite stormwater facili-

ties is $38.28 per ERU. Overall, this provides a 42% credit
on the stormwater utility fee.

Wichita, Kansas

The City of Wichita's Stormwater Utility offers credits only
for properties with 50 or more equivalent residential units.
Two credits on the drainage fee are available. First, up to
40% credit on the fee is available for detention that equals
or exceeds the city’s new development standards (based
on 100-year design storm). Second, an 80% credit on the
fee is available for retention (no runoff from site). No cred-
its are being given because the stringent standards are
difficult to achieve.

Louisville & Jefferson County Metropolitan
Sewer District, Kentucky

Credits are provided primarily for commercial properties
with onsite detention for control of peak flows in the Louis-
ville/Jefferson County Metropolitan Sewer District (MSD).
A range of credits is available depending on how the de-
tention basin functions. Basins must be sized for the 2-
year, 10-year, and 100-year storms and also limit dis-
charges to the pre-development rate of runoff. Credits are
available for each type of storm, with an 82% maximum
credit if all criteria are met. MSD is currently evaluating
how to incorporate stormwater quality measures into its
credit approach.

St. Paul, Minnesota

The City of St. Paul provides a rate of discharge credit
for nonresidential properties on its storm sewer system
charge. For nonresidential properties, this charge is based
on actual parcel acreage and a standardized peak runoff
rate determined for selected land use classifications. Where
the peak stormwater runoff rate is limited by onsite facili-
ties such as detention ponds owned and maintained by
the property owner, up to a 25% credit is available. A 10%
credit is provided for parcels that provide onsite storage
for the 5-year design storm that also limit its discharge to a
maximum of 1.64 cubic feet per second per acre. An addi-
tional 15% credit is provided for parcels that provide onsite
storage for the 100-year design storm that also limit its
discharge to a maximum of 1.64 cubic feet per second per
acre. Both new developments and redevelopment are eli-
gible for apply for credit. Existing nonresidential properties
can retrofit to provide onsite storage for the 5-year design
storm and get the 10% credit. Most credits were provided
in the first few years after the credit approach was estab-
lished. Currently, around 3-4 credits are approved annu-
ally. In St. Paul, the credit approach increased the political
acceptability of the storm sewer system charge.

Charlotte, North Carolina

The City of Charlotte provides one or more credits for
commercial, industrial, institutional, and multi-family resi-
dential properties and residential homeowner associations
that mitigate the impacts of runoff on the stormwater sys-
tem. Eligibility for one or more credits to the service rate
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Table 1. Summary of Credit Options

Utility

Eligible Users

Basis for Credit

Design Storm

Maximum Credit

Typical Credit

Gainesville, FL

Orlando, FL

Wichita, KS

Louisville-Jefferson
County, KY

St. Paul, MN

Charlotte, NC

Durham, NC

Cincinnati, OH

Tulsa, OK

Austin, TX

Bellevue, WA

King County, WA

Indianapolis, IN

Nonresidential

Commercial and multi-
family residential

Properties = 50 ERUs

Commercial properties

Nonresidential
properties

Commercial, industrial,
institutional, multi-
family residential;
homeowner association

Nonresidential
properties

Commercial properties

Privately maintained
facilities

Commercial properties

All properties

Commercial properties

Nonresidential
properties

Volume of onsite

Onsite retention or
detention

Two credits: volume
of detention or retention

Onsite detention of
peak flows

Onsite detention of
peak flows; acreage,
peak flows

1) peak discharge
2) total runoff volume
3)annual pollutant
loading reduction

Pollution credits for

Water quality and
quantity controls

Onsite retention

50% greater detention;
maintenance costs of
onsite facilities

Onsite detention,
inspection

Onsite detention;

intensity of development

Private maintenance

Discharge to specified
streams; onsite
retention or detention

25-year, 24-hour storm  100% of base fee 15-35%

NA 42% 42%

1) 100-year storm 1) 40% Currently no
2) Complete retention 2) 80% applications
2-year, 10-year, 100- 82% Varies with
year storms; pre- degree of
development runoff control
5-year, 100-year 10% (5-year storm) Varies with
storms; release limited  25% (100-year storm)  degree of
to 1.64 cfs/acre control

1) 10-year, 6-hour 1) 50% Varies with
2) 2-year, 6-hour 2) 25% degree of
3) reduction in loading  3) 25% control

Up to 100%

State standards for 25% Few applications
facility design; esti-
mated pollutant
removal efficiency
Limit discharge to pre-  50% Credit never
development runoff used
60% Varies
50% 50%
Reduction of one rate ~ Varies
(intensity of
development) class
Reduction of one rate ~ Varies
class
Tier Two:2-, 10-, 25-, Tier One: 25%; <$50 (proposed)

50-, 100-year events

Tier Two: 35%; <$250

watershed size

charge is proportional to the extent those stormwater man-
agement measures address the impacts of peak discharge,
total runoff volume, and annual pollutant loading from the
site. Portions of the service rate charge are available for
credit as follows: up to 50% for reducing peak discharge
from a 10-year, 6-hour storm; up to 25% for reducing total
runoff volume from a 2-year, 6-hour storm; and up to 25%
for annual pollutant loading reduction. Each credit allowed
against the service charge is conditional on continued com-
pliance with the Charlotte Mecklenburg Land Development
Standards Manual and may be rescinded for noncompli-
ance with those standards. If 100% credit is given, the af-
fected property will receive no stormwater service charges.

Durham, North Carolina

The City of Durham provides up to a 25% pollution credit
on the stormwater utility fee for selected structural

stormwater controls on nonresidential properties. Currently,
the maximum pollution credit goes to standard basin de-
signs that are identified as achieving maximum pollutant
removal efficiency in state performance standards. For
other structural controls in the state’s standards, the city’s
pollution credit will be linearly variable, with no credit given
for a removal efficiency of 0% of total suspended solids to
a 25% credit for a removal efficiency of 85% of total sus-
pended solids. The city recently approved sand filters in
addition to the approved onsite basin designs, but no pol-
lution credits are established yet for sand filters. Durham
receives few applications for credits.

Cincinnati, Ohio

The City of Cincinnati's Stormwater Management Utility
offers a credit for commercial properties that install onsite
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retention that goes beyond normal building requirements
(i.e., limit discharge to pre-development level of runoff).
Such properties can apply for a credit of up to 50% on the
utility’s storm drainage service charge. This credit has never
been used in Cincinnati.

Tulsa, Oklahoma

Under the City of Tulsa’s stormwater drainage system
service charge, credits are provided for private mainte-
nance of approved onsite detention or retention facilities.
An approved onsite facility must provide at least 50% more
detention than required by the city. The amount of credit
varies based upon the estimated maintenance costs if the
city were providing the maintenance. The maximum credit
is 60% of a property’s annual stormwater charge. This
maximum was established at 60% because around 60%
of the stormwater utility budget in Tulsa goes to mainte-
nance. Upon inspection, if an onsite facility is not perform-
ing adequately, then the property owner must pay the typi-
cal stormwater drainage service charge.

Austin, Texas

The City of Austin’s Drainage Utility provides a 50% credit
on the drainage fee for commercial property owners that
construct and maintain approved onsite detention facili-
ties. The city inspects these onsite facilities annually to
ensure proper maintenance.

Bellevue, Washington

The City of Bellevue Storm and Surface Water Utility
provides a credit on its storm and surface water drainage
service charge for approved onsite detention facilities. This
credit has worked well to get approved detention facilities
built on large residential and commercial plats. Bellevue’s
utility rate structure classifies each property according to
its percentage of developed property (from undeveloped
land to very heavy development). Areduction of one inten-
sity of development classification is provided for installa-
tion and maintenance of approved onsite detention facili-
ties. This reduces the rate (based on the intensity of de-
velopment classification) and the storm and surface water
drainage service charge for such properties.

King County, Washington

Under the new King County Surface Water Drainage
Design Manual, any development of parcels with over 5,000
square feet of impervious area must provide onsite deten-
tion/retention. For commercial properties, King County pro-
vides a credit through a reduction of one rate classification
for the utility fee for private maintenance of an approved
onsite detention/retention facility. The facility must be built

to code and meet King County maintenance standards.

Issues in Establishing Credits for Onsite
Stormwater Management
Like stormwater utility charges, there is no “correct”

method for establishing credits. Each utility must consider
local stormwater management goals in deciding whether

to incorporate such incentives into their utility rate struc-
ture. The amount of impervious area on a property is usu-
ally the basis for stormwater utility charges. The quantity
of stormwater runoff is generally the rationale behind charg-
ing property owners for stormwater management services
(e.g., a user-pay approach). The adverse environmental
impacts of urban runoff are related to both stormwater
quality and quantity. To date, few stormwater utilities have
attempted to incorporate measures of the quality of runoff
as a basis for utility charges. Additionally, few utilities in-
corporate site characteristics other than impervious area
(e.g., slope and soil characteristics) that also influence the
adverse impacts of runoff. These factors may be impor-
tant in setting charges and credits to induce the expected
behavior of choosing the least-cost option. On the other
hand, if stormwater quantity (as measured by the amount
of impervious area) is closely correlated with adverse im-
pacts of runoff related to both stormwater quantity and
quality, the amount of impervious area may be a sufficient
basis for setting charges that create the desired incentives.

Although credits must be sufficient to induce changes in
behavior, their impact on total utility revenues must be ex-
amined carefully. An approach that gave large credits for
onsite stormwater management could significantly reduce
revenues for a local stormwater management program.
Each community should evaluate whether charges and
credits proposed for its utility are likely to promote onsite
stormwater management and whether mechanisms are in
place to ensure that onsite stormwater management
achieves the desired environmental results.

Finally, public acceptability and political support is im-
portant to establishing a utility rate structure, whether or
not it includes a credit approach. The nature of local gov-
ernment is that key players in utility design and implemen-
tation are seldom the key players in local politics. In de-
signing a credit approach, a utility can attempt to minimize
controversy by developing education and involvement pro-
grams for informing and gaining the support of local gov-
ernment officials and the public.

Case Study of Issues Associated with
Proposed Credits in Indianapolis, Indiana

The City of Indianapolis is currently attempting to de-
sign a credit approach for its proposed stormwater utility.
Considerable controversy has arisen over the proposed
utility and a credit system is under consideration in part to
help overcome general opposition to new charges or taxes.
Through a credit system, utility planners and local elected
officials are attempting to make the proposed stormwater
utility charges more equitable and acceptable politically.
The credit system in the most recent draft ordinance (Pro-
posal No. 657, 1997) is a relatively complex approach to
provide a reduction in stormwater user fees for nonresi-
dential properties based on 1) certain qualifying conditions
(location in relation to a major waterway), 2) activities that
mitigate the impact of increased stormwater runoff from a
property on a continuing basis, or 3) activities that reduce
the city’s cost of providing stormwater management ser-
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vices to a property. The draft ordinance outlines a two-
tiered credit that is based on watershed area as well as
the size of the onsite detention/retention basin. The city
will also develop a proposed Storm Water Credit Manual
for use in reviewing and acting upon applications for credit.
A credit application fee is also authorized in the draft ordi-
nance. Efforts to establish a credit system for onsite de-
tention/retention have addressed concerns of property
owners and generally increased the perceived fairness of
the proposed rate structure, and it is clear that the pro-
posed utility could not be adopted without some type of
credits. Inclusion of a credit system, however, has not been
sufficient to ensure adoption of the stormwater utility and
overcome other objections.

Conclusion

Economists have long advocated pollution charges as
an approach to achieve greater flexibility and efficiency in
pollution control. If such charges are set to reflect the en-
vironmental damage actually caused by polluted dis-
charges, economic theory suggests they can create in-
centives for each user to choose the least-cost option—
paying a pollution charge or implementing pollution con-
trol requirements. Making credits available on stormwater
utility charges for implementation of onsite stormwater
management can create comparable incentives for users
and potential efficiency gains by lowering the total costs of
a stormwater management program. Additional research
is needed to evaluate the efficiency and equity issues as-
sociated with credits and stormwater utility charges. Until
the economic and data issues in establishing a credit ap-
proach are better understood, communities considering a

credit approach should examine the experience of those
utilities that have implemented credits to evaluate whether
such approaches are appropriate for local stormwater
management goals and problems.
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Conservation Design for Stormwater Management

Earl Shaver, Environmental Engineer
Delaware Department of Natural Resources and Environmental Control
(presently a Technical Specialist, Auckland Regional Council)
Auckland, New Zealand

Background

The State of Delaware has developed a manual to pro-
vide guidance for site design which incorporates conser-
vation into land development (DDNREC and BC, 1997).
The intent is to provide an incentive for land developers to
retain and incorporate existing natural site features into
the site development process and thereby reduce or elimi-
nate the need for structural stormwater management con-
trols. Other benefits are certainly realized through Con-
servation Design, such as more closely approximating the
predevelopment water budget, protection of habitat, and
reduced overall impact to the receiving system. Site fea-
tures discussed in the manual include:

* Wetlands

« Floodplains

* Forested areas

* Meadows

« Riparian buffers

* Soils

« Other natural features

Design procedures are provided which allow site design-
ers to incorporate practices inherently known to be good,
but which have not had the detailed design guidance that
ensures plan approval. That guidance is provided in the
manual for a variety of situations. The design approach is
flexible enough to allow for various conservation practices
to be combined on one site and to quantify the benefits of
that combination.

It must be emphasised that structural controls will still
be essential on many sites. A heavily wooded site having
a significant portion of the tree canopy removed will still
have a significant increase in stormwater runoff, even with
aggressive conservation planning. The practices detailed
in the manual are provided as additional tools in the

stormwater management toolbox. They supplement struc-
tural control practices and may, in some situations, elimi-
nate or reduce the need for structural practices while pro-
viding attractive site amenities.

Limitations of Structural Stormwater
Management

Most stormwater management programs place a heavy
reliance on implementation of structural stormwater man-
agement facilities. These facilities include ponds, both wet
and dry; infiltration; filtration; and other variations of them
all. The implementation of these facilities is necessary for
their water quantity and water quality benefits and is ex-
pected to remain integral to program implementation, but
there should not be an overreliance on them. These prac-
tices, in and of themselves, cannot eliminate adverse im-
pacts of urban development. In addition, there are a num-
ber of limitations to structural facilities.

A stormwater management program relying solely on
structural practices has a number of weaknesses.The ex-
istence of these weaknesses has been recognized for some
time, but there has been little information available on al-
ternative approaches that would justify their inclusion in a
stormwater management program. The following items
present some of the weaknesses.

« Lack of flexibility in site design
« Altered site hydrology

* Expense

* Loss of site area

 Potential increased impacts to site and watershed
natural resources

« Configuration of development
« Connection of impervious areas
« Disregard of site resource conservation benefits

« Maintenance obligations
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Conservation Design Approaches

Conservation Design approaches reflect a totally differ-
ent philosophy towards site design which integrates
stormwater management into the very core of site design,
as opposed to an afterthought. These approaches can in-
clude an almost endless universe of practices, strategies,
planning, and common sense. The manual doesn’tinclude
all potential components, but provides guidance and infor-
mation on many that are currently recognized where data
exists or can be generated to substantiate their benefits
from a water budget perspective.

Itis important to develop a conservation ethic which treats
stormwater runoff as a “resource” rather than a “byproduct”
of development. As such, there are a number of key site
design components to consider:

* Reducing impervious surfaces

« Constructing biofiltration practices
« Creating natural areas

* Leaving areas undisturbed

« Clustering development

Conservation approaches are discussed throughout the
manual, but some are briefly discussed here to provide an
initial awareness of the range of options that will be dis-
cussed later in greater detail. Examples of conservation
approaches include the following.

Reducing Impervious Surfaces

Impervious surfaces (roads, roofs, sidewalks) prevent
the passage of water through the surface into the ground.
Water must then be transported across the surface to a
point of discharge. Reducing the total amount of impervi-
ousness is the single most important conservation tool
available. Residential subdivisions can reduce the width
of roadways, or design the roadways to limit the total length
needed to service individual properties. Roof downdrains
should not be directly connected to streets when providing
splash blocks, but should discharge the water away from
impervious surfaces (sidewalks, streets) to allow for a
greater amount of water to infiltrate into the ground.

Just as important in limiting impervious surfaces and
separating roof drains from direct connection to streets is
the need for education of homeowners regarding their re-
sponsibility to ensure continued function of these practices.
Homeowners often change the orientation of downspouts
or otherwise redirect lot drainage to impervious surfaces
which undoes a lot of conservation benefits. Community
education and involvement is integral to effective program
implementation.

Constructing Biofiltration Practices

The use of vegetative swales and buffer strips can pro-
vide a significant water quality benefit in addition to reduc-

ing the total volume of stormwater runoff. The primary pro-
cesses involved in their performance are filtering of pollut-
ants contained in stormwater runoff, and infiltration of run-
off into the ground.

Even where curbs are needed to restrain traffic move-
ment to paved surfaces, curb cuts or openings can be
placed to allow water to pass off of the paved surface into
a biofiltration facility. This would allow for both public works
and stormwater objectives to be attained.

Creating Natural Areas

In many site development situations, the predevelopment
condition may be farmfield or other disturbed condition.
Creation of a meadow as open space would have signifi-
cant stormwater management benefits for both water quan-
tity and water quality. The area, if well designed and con-
structed, could become an attractive amenity to a commu-
nity and enhance the value of the properties.

Leaving Areas Undisturbed

Many sites have existing resources which, in addition to
other values, have stormwater management benefits.
These natural systems include forested areas, wetlands,
and other areas of natural value such as meadows.

Forested areas provide for rainfall interception by leaf
canopy. In addition, an organic “duff area” develops on the
woodland floor which acts very much as a sponge to cap-
ture the water and prevent overland flow. In addition, trees
use and store nutrients for long periods of time. Trees also
moderate temperatures during the summer and provide
wildlife habitat, thus providing other environmental ben-
efits.

Wetlands are valuable resources and provide numer-
ous benefits including flood control, low streamflow aug-
mentation, erosion control, water quality, and habitat. They
are very productive ecosystems whose maintenance would
have significant water quantity and quality benefits. Where
they exist on a land development site, they could become
an important element in site design.

Cluster Development

How a site is developed and to what degree the entire
site is utilized will have a significant impact on stormwater
runoff from the site. Conventional land development en-
courages sprawl, while innovative approaches to land de-
velopment can provide significant stormwater benefits.
Cluster development encourages smaller lots on a portion
of a site, allowing the same site density, but leaving more
site area in open space. Clustering designs residential
neighborhoods more compactly, with smaller lots for nar-
rower single-family homes, found in traditional villages and
small towns. Cluster development can provide for protec-
tion of site natural areas, while at the same time reducing
total site imperviousness by reducing the areal extent of
roads.
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The Conservation Design Procedure in
Detail

Conservation Design can be thought of as a series of
questions which must be asked as it is applied to each
site. If site designers rigorously address all of these ques-
tions, the Conservation Design procedure will have been
accomplished, and the “answers” will be successfully iden-
tified for each site. The overriding objective is to achieve a
new way of thinking about site design.

The procedure has been kept simple by intention. It is
grounded in effective and complete site analysis, and an
upfront commitment by the site designers to inventory and
evaluate the various “systems” which define the site and
which pose problems as well as opportunities for site de-
velopment. The more clever the development “tinkering”
can be, the more successful Conservation Design can be-
come. Extra effort up front pays important dividends in the
long run. Conservation Design requires a major departure
from the conventional mindset of stormwater disposal -
which is a reactive end-of-the-line process forcibly imposed
onto a development program. Conservation Design is pro-
active in the best sense of the word, based on understand-
ing natural system opportunities which enable us to inte-
grate essential stormwater quality and quantity manage-
ment objectives into the devlopment design from the very
beginning.

Rather than provide a lengthy discussion of conserva-
tion design procedures, this paper provides a checklist of
items or “questions” which should be considered in con-
servation design. Those questions are listed as follows:

1. Site Analysis Background Factors: How do Back-
ground Site Factors Affect the Conservation Design
Process?

Hydrologic issues:
Is the site tidally dominated?
Does the site flow to special waterbodies with spe-
cial water quality needs?
Are there known downstream flooding problems?
The site is located in what watershed?
Does the site discharge into 1st, 2nd, 3rd order
streams?
Is the site in the upper, middle, or lower part of the
watershed?

2. Site Analysis Site Factors Inventory: What Site Physi-
cal Factors Affect Conservation Design?

Site size and shape:
Does site size limit Conservation Design?
Does site shape or other factors limit Conserva
tion Design?

Natural features:
What is the basic site hydrology?
Perennial streams?
Intermittent swales?

Describe site soils

Describe site vegetation

Describe site critical features:
Do wetlands exist?
Are there floodplains?
Are there riparian areas?
Are natural drainageways present which are
not perennial streams per se?
Are there special habitat areas?
Do special geological formations exist (i.e.,
carbonate)?
Do steep slopes exist?
Are there high water table, bedrock, other limi-
tations?

Built/developed features:
Does the site have centralized sewer?
Does the site have centralized water?

. Site Factors Analysis: What Site Factors are Con-

straints and Opportunities in terms of Conservation
Design?

Site Constraints:
Where should building and roads be avoided?
In terms of vegetation?
In terms of soils?
Are any areas off limits for all forms of disturbance?
Site Opportunities:
Where does most recharge occur?
In terms of vegetation?
In terms of soils?

. Building Program: How do Building Program Factors

Enter into the Conservation Design Procedure?

Can the proposed building program be reduced in
terms of total number of units?
Can the type of units be modified (e.g., from single-
family to townhouse)?
What is existing site zoning?
Are zoning options allowed?
Have building setbacks been made to be flexible?
Have innovative development concepts such as
zero lot line or clustering been considered?
What does the comprehensive plan indicate for the
site and adjacent areas?
What are the adjacent land uses?
Other Management/Regulatory issues:
What municipal/county requirements exist for
stormwater?
Will some aspects of Conservation Design require
waivers?
What other municipal/county requirements exist
for land development?
Will some aspects of Conservation Design require
waivers?

5. Lot Configuration and Design: How Can Lot Config-

uration and Overall Site Design Prevent Stormwater
Generation?



Have lots been reduced in size to the maximum de-
gree?

Have lots/uses been clustered/concentrated to the
maximum degree?

Have lots been configured to avoid critical areas?
Have lots been configured to take advantage of ef-
fective Conservation Design mitigative practices?

. Impervious Coverage: Have Impervious Surfaces
Been Reduced as Much as Possible?

Have road lengths and widths been reduced to the
maximum degree?

Have driveway widths and lengths been minimized
to the maximum degree?

Have parking ratios and parking sizes been reduced
to the maximum extent?

Has potential for shared parking been examined fully?
Have cul-de-sacs and turnarounds been designed to
minimize imperviousness?

Have sidewalks been designed for single-side move-
ment?

Can porous surfaces be used for overflow parking,
low impact shoulders, other applications?

. Minimum Disturbance/Maintenance: Has Disturbance
of Site Vegetation and Soils Been Minimized?

Has maximum total site area, including both soil and
vegetation, been protected from clearing and any
other type of development disturbance?

Are zones of open space maximized?

Do these open space zones make sense internally,
externally?

In terms of individual lots, has maximum lot area, in-
cluding both soil and vegetation, been protected from
clearing and other development-related disturbance?
Do structures correspond to site features such as
slope, in terms of type of structure, placement on lot,
elevation, and so forth?

Have revegetation opportunities been maximized
throughout the site?

Have revegetation opportunities been maximized in
critical areas such as riparian buffer zones?

. Use of Mitigative Conservation Design Practices:
Which Practices are Most Effective and How Can
Their Positive Effects be Maximized?

Are vegetated swales with check dams being used?
Are vegetated filter strips with level spreading devices
being used?

Are berms and other terraforming technique being
used in conjunction with zones of natural vegetation?

. The Conceptual Stormwater Management Plan: How
Can All Preventive Approaches and Mitigative Tech-
niques be Integrated into an Optimal Conservation
Design Plan?

How has the stormwater plan been integrated into
the overall site design?

Has prevention been maximized through Conserva-
tion Design Approaches?

Has mitigation been maximized through Conserva-
tion Design Practices?

What other benefits are achieved through Conserva-
tion Design (i.e., open space, enhanced marketabil-
ity, cost reduction, habitat protection, stream water
temperature, biota impacts, other stream impacts?)

10. Stormwater Calculations: How Has Conservation
Design Affected Stormwater Calculations? What Con-
ventional Stormwater Techniques are Necessary to
Manage Any Residual Stormwater Need not Mitigated
by Conservation Design?

How has impervious cover been reduced?
What are the implications for Curve Numbers?
How have total runoff volumes been affected?
Has time of concentration been maximized?
How has peak discharge rate been affected?
How has recharge volume been affected?

11. Selection of Additional Stormwater Controls: If Con-
servation Design has not Fully Met all Stormwater
Requirements, What Additional Requirements Must
be Provided?

Watershed Wide Approaches

While not a focus of the manual, watershed-wide con-
siderations are important and should be the context from
which many resource-based land development decisions
are made. The manual strongly supports watershed-based
approaches to land use decisions. This context is impor-
tant from a number of perspectives.

« Watershed approaches allow for a recognition and
consideration of where growth distribution should oc-
cur.

Consideration of land use from a watershed perspec-
tive allows for a greater awareness of the cumulative
impacts of watershed development.Impervious sur-
faces are important to consider if downstream areas
are to be protected.

A comprehensive approach to resource protection can
be developed and implemented based on consider-
ation of watershed specific issues such as steep
slopes, high water table, the need for aquifer recharge,
etc.

A watershed approach allows for developers and the
general public to understand the basis by which land
use decisions were made in a rational format which
can be easily understood.

Land use decisions based on watershed-wide analy-
ses provide the local government with a basis for mak-
ing land use decisions that can be defended.

As desirable as watershed-wide approaches are, it must
be recognized that significant resources and costs may be
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needed to accomplish those efforts. Depending on the
goals of the effort, significant data needs may exist.

Conclusion

Over the past 20 years, stormwater management has
evolved from water quantity control, to water quality con-
trol, to attempting to address stream ecology. What has
become apparent is that traditional end-of-pipe controls
such as ponds do not provide the level of protection nec-
essary to protect in-stream resources. We have gone full
circle in again having to consider water quantity, but this
time not just to reduce downstream flooding concerns. The
total volume of water running off the land, in addition to
riparian buffer protection, becomes critically important.

Site features, as mentioned in the abstract, must be con-
sidered integral to site development. Too often we have
totally reconstructed a landscape for an individual’s eco-
nomic benefit only. We must recognize the economic and
resource impacts that occur downstream from sites being
developed.

There are ways to develop sites and protect or enhance
existing resource values. It is not rocket science. If we as
a society consider conversion of land to urban use as a
desirable societal product, we must do more than accept
the adverse impacts that those site activities cause. We
can minimize adverse downstream impacts if greater
weight is given to existing site resources. In many situa-
tions, as shown in case studies, land can be developed,
less expensively using greater protection of existing site
resources, than when using a conventional approach.

The choice is ours.
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Results of the Site Planning Roundtable

Whitney Brown
Center for Watershed Protection
Ellicott City, Maryland

The Site Planning Roundtable, originally convened by
the Center for Watershed Protection in October 1996,
brought together representatives from various national
planning organizations, development and environmental
communities, and local government. The goal was to pro-
vide the technical, professional, and real-world validation
required to promote environmentally sensitive, locally rel-
evant, and economically viable development. In line with
this goal, the Roundtable has developed a set of 22 Model
Development Principles that aid local planners and zoning
officials in identifying how existing ordinances can be modi-
fied to reduce impervious cover, provide effective
stormwater treatment, and conserve natural areas. These
principles are not national design standards. Instead, they
identify areas where existing subdivision codes can be
changed to better protect streams, lakes and wetlands at
the local level.

Conventional zoning standards outline minimum lot ar-
eas, setbacks, frontages, and road widths, often resulting
in significant impervious cover in the form of wide streets,
expansive parking lots, and large-lot subdivisions. Plan-
ners, landscape architects, and developers can utilize a
wide range of innovative site planning techniques to re-
duce imperviousness at the site level. In some cases, full
utilization of these techniques requires changes to outdated
zoning regulations or inflexible subdivision codes. The
Model Development Principles focus on changing these
regulations and codes. Each principle presents a simpli-
fied design objective; techniques for achieving the objec-
tive should be based on local conditions.

Residential Streets

An important objective of the Site Planning Roundtable
effort was to identify practical and cost-effective strategies
to overcome barriers to implementation of the Model De-
velopment Principles. One particular area of concern
emerged: residential road width. Most local governments
model their residential street design standards upon state
and/or federal highway criteria, although the traffic capac-
ity and function of residential streets differ considerably
from that of highways. Consequently, residential street
widths tend to be wide rather than narrow. Efforts to re-
duce road widths are often met with strong opposition on

a variety of fronts. Local planners and engineers are re-
luctant to modify standards due to safety concerns. Public
works officials wish to maintain adequate access for emer-
gency, service, and maintenance officials. Residents voice
concerns about impacts to parking.

The following discussion will present alternative design
standards to reduce imperviousness and demonstrate how
many of the impediments to narrow streets are already
being overcome with careful site design.

Perceptions and Realities: Parking Demand

Why are residential streets wide? Parking is a major fac-
tor. On-street parking on both sides of the street can in-
crease site imperviousness by approximately 25% (Sykes,
1989). Limiting parking to one side of the street or the use
of queuing lanes can significantly reduce this impervious-
ness. The reduction of on-street parking is often cited as
an impediment to narrow streets. This impediment can be
overcome. In Portland, Oregon, parking is accommodated
through the use of “queuing streets” which are 20’ or 26’
wide (Figure 1).

Perceptions and Realities: Safety

The potential for increased vehicle-pedestrian accidents
is an often cited reason for prohibiting narrow streets. Many
studies, however, indicate that narrow streets may actu-
ally be safer than wider streets. The Federal Highway Ad-
ministration (1996) noted that narrow widths tend to re-
duce the speed at which drivers travel, providing greater
driver reaction time. Further, in a study of over 5000 pe-
destrian and bicycle crashes, a narrow road was a factor
in only two cases (FHWA, 1996). Unsafe driving speed,
on the other hand, contributed to 225 accidents.

Case Study: Longmont, Colorado

The City of Longmont, Colorado, is experiencing rapid
growth. The quality and type of new development has be-
come an important issue as more development and non-
conventional site designs are proposed. Part of this dis-
cussion involves acceptable residential street design. Swift
and Associates (1998) examined over 20,000 police re-
ports to determine the relationship between street design
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Figure 1. Queuing Lanes in Portland, Oregon.

and safety. The study focused specifically on residential
streets with maximum average daily traffic (ADTs) of 2,500.
Accidents attributable to poor road conditions or substance
abuse were excluded from the study. The results of the
Longmont study indicate that in general, narrow, curved
streets can be safely used in residential developments.
Specifically, streets between 22 to 30 feet in width were
found to be the safest (see Figure 2).

Perceptions and Realities: Adequate
Access

The conventional wisdom is that very wide streets are
needed to provide adequate access for emergency, ser-
vice and maintenance vehicles. But the facts do not sup-
port this concern:

 Trash trucks require only a 10.5' travel lane (Waste
Management of Montgomery Count, 1997), with a stan-
dard truck width of approximately 9' (BFI of Montgom-
ery County, 1997).

« Half-ton mail trucks, smaller than many privately owned
vehicles, are generally used in residential neighbor-
hoods. Hand delivery of mail is also an option (US Post
Office, 1997).

» School buses are typically nine feet wide from mirror
to mirror. Many jurisdictions require only a 12' driving
lane for bus access.

« Snowplows, mounted on pick-up trucks, with 8" width,
are common. Some companies manufacture alterna-
tive plows on small “Bobcat” type machines (Frink
America, Incorporated 1997).

» A number of local fire codes permit roadway widths as
narrow as 18’ (Table 1).

Narrow Streets

Reduced pavement widths can significantly reduce the
impervious impact of residential developments. Site de-
signers should consult with public works, emergency ser-
vice, and residents to confirm that the community’s needs
are met. Adequate access, parking, and safety can be
ensured through careful site design.

In addition to environmental benefits, significant construc-
tion cost savings can be achieved by building narrower
streets. Pavement construction costs are approximately
$15 per square yard. Suppose, for example, that a local
jurisdiction currently requires all residential streets with one
parking lane to be a minimum of 28 feet wide. The jurisdic-
tion then adopts a new standard: 18 feet wide queuing
streets. This new standard would reduce the overall im-
perviousness associated with a 300-foot road by 35% and
construction costs by $5,000. Additional economic ben-
efits include reduced clearing and grading costs and re-
duced long-term pavement maintenance costs.

Acceptance of the narrow streets design requires imple-
mentation as a flexible, locally adapted strategy. There-
fore, the Model Development Principles must be consis-
tent with the larger community goals (both economic and
environmental) that are put forth in comprehensive growth
management, resource protection, and watershed man-
agement plans. Finally, the Site Planning Roundtable en-
courages local, state, and federal agencies to provide the
technical support, financial incentive, and regulatory flex-
ibility needed to promote and implement the Model Devel-
opment Principles, and to fundamentally change the way
development takes place.
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Table 1. Street Width Requirements for Fire Vehicles

Width

36
Street Width (ft)

Source
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40
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Relationship between street width and accidents in Longmont, Colorado, based on Swift and Associates (1998).

Comments

18-20°

24’ (on-street parking)
16’ (no on-street parking)
18’ minimum

24’ (no parking)

US Fire Administration (Cochran,1997)

Baltimore (MD) County Fire

Virginia State Fire Marshal

Prince Georges County (MD) Department

of Environmental Resources

30’ (parking on one side)
36’ (parking on both sides)

20 Prince Georges County (MD)

Fire Department

Represents typical “fire lane”
width

Road width

Road width

Road width

Road width
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Retrofitting Conservation Designs into the Developed
Landscapes of Northeastern lllinois

Dennis W. Dreher
Northeastern lllinois Planning Commission
Chicago, lllinois

Abstract

There is a small but growing trend to retrofit developed
landscapes in northeastern lllinois with more environmen-
tally friendly designs. The motivation for these activities
varies from site to site. Commonly, those initiating retrofits
are hoping to reduce landscape maintenance costs, fix
erosion problems, improve water quality, enhance aesthetic
conditions, and/or reduce flooding.

Four types of retrofitting have been identified. Retrofit-
ting conventional turf landscapes with native prairie/wild-
flower vegetation is one of the more visible and exciting
trends. Notably, prairie landscaping has become a desir-
able option for several high-visibility corporate, school, and
government campuses. Stream channel retrofitting also
has become common. Many of the recent stream projects
have been stimulated by demonstration projects, funded
through Section 319 of the Clean Water Act, to reduce bank
erosion. Detention retrofitting has been done on a more
limited scale. Detention basin retrofitting has been initi-
ated to improve stormwater runoff control, reduce shore-
line erosion, improve aesthetics, and limit excessive
Canada goose populations. Conversion of storm sewers
to open drainageways has been performed on a very lim-
ited basis to improve treatment of runoff pollutants.

While water quality has not been the principal impetus
for many of the recent retrofit projects, the water quality
benefits can be substantial. As a consequence, watershed
managers are increasingly recommending large-scale ret-
rofitting to enhance the beneficial uses of urban and sub-
urban waterbodies and are selling the retrofit concept on
aesthetic and cost-saving grounds.

Motivation for Retrofitting

From a water resources perspective, there is a growing
realization that the developed landscape of northeastern
Illinois has some serious design and performance flaws.
One of the most obvious reminders of this fact is the fre-
quent and increasing incidence of damaging floods. Where
there was once considerable ignorance regarding the
causes of flooding, the average resident can now readily

relate local and regional flooding to new roads, parking
lots, and subdivisions and their contributions of increasing
stormwater runoff.

Similarly, but to a lesser degree, there is an increasing
awareness that conventional urban development designs
have led to impaired water quality and degraded recre-
ational uses of waterbodies. Contributing factors include
polluted stormwater runoff and the outright destruction of
wetlands and riparian corridors.

Increasingly, concerns also are being raised about the
sustainability of traditional development. In particular, in-
dividuals are questioning the costs of maintaining both the
structures and the landscapes that dominate the develop-
ments of the recent past. In particular, questions are being
raised about the continued reliance on turf grass as the
dominant landscaping material for commercial, office, and
residential developments. There are concerns about the
expense and environmental impacts of a maintenance
approach that relies on frequent mowing, irrigation, and
the extensive use of chemicals for fertilization and pest
control.

Fortunately, there is also a growing awareness and ap-
preciation of an alternative urban design ethic that incor-
porates “natural” elements into developed properties. This
alternative ethic is based on both ecologic and aesthetic
considerations. Central to this ethic is the belief that it is
both possible and desirable to commingle natural areas
and materials with developed landscapes. Elements of this
ethic include use of native plants for landscaping, preserv-
ing or restoring natural buffers at the edges of develop-
ments, and incorporating native ecosystems — prairies,
wetlands, and woodlands — into development site designs.

Cumulatively, this growing awareness of the shortcom-
ings of conventional design and the potential benefits of
naturalistic approaches provide the basis and motivation
for retrofitting elements of the developed landscape.

Types of Retrofitting

Retrofitting, as described in this paper, includes a range
of activities. In other contexts, some of these activities might
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be termed rehabilitation, restoration, or renovation. Regard-
less of terminology, retrofitting is assumed to involve a
substantive, long-term change to an existing facility or land-
scape resulting in demonstrable improvements to water
quality and aquatic ecosystems.

Four types of retrofitting projects have been implemented
in northeastern lllinois and are documented in this paper.
They are:

« converting conventional turf landscapes to native veg-
etation,

* restoring eroding and/or channelized stream and riv-
ers,

« retrofitting stormwater detention basins, and

e converting, or “daylighting,” storm sewers to open
drainageways.

Converting Turf to Natural Landscapes

For decades, exotic turf grass has been the dominant
landscaping material for almost all new development in
the region. Considering that the pre-development land-
scape on most sites is cropland, and considering the rela-
tive paucity of remnant native landscapes such as prai-
ries, savannas, and woodlands, this landscaping philoso-
phy is not surprising. Recently, however, there has been
growing and enthusiastic support for natural landscaping,
an alternative approach that utilizes native plants that are
adapted to the local climate and soil (Northeastern lllinois
Planning Commission, 1997).

Natural landscaping applies to an array of landscaping
techniques that incorporate native vegetation, particularly
prairie, wetland, and woodland plants. Natural landscap-
ing also includes natural drainage techniques, such as
swales and vegetated filter strips, instead of storm sewers
and artificial drainage channels.

Benefits

The benefits of natural landscaping are the most broad-
ranging of any of the retrofitting techniques. In addition to
water quality benefits, they include flood reduction, habitat
enhancement, improved air quality (climatological benefits)
aesthetic enhancement, and cost-savings.

Water quality benefits are derived in two ways. First,
unlike conventional landscapes of turf grass and ornamen-
tal plants, native plants do not usually require chemical
additives after their initial establishment. Fewer applica-
tions mean greatly reduced runoff of fertilizers, pesticides,
and herbicides. Second, natural landscapes, particularly
with the deep root zones of many native plants, can effec-
tively soak up, filter, and transform contaminated
stormwater runoff from roadways and parking lots, greatly
reducing the pollutant loads discharged to the “receiving
stream”.

Flood reduction occurs due to the greater infiltration ca-
pacity provided by deep-rooted native plants. In contrast

to the four-to-six-inch root zones of turf grass, the dense
root systems of native prairie plants commonly extend sev-
eral feet into the soil, creating passageways for the rapid
infiltration of precipitation and runoff. The dense root sys-
tems also enhance evapotranspiration.

Habitat enhancementis provided by the diversity of plants
found in a natural landscape, in contrast to the conven-
tional near-monotypic stand of turf grass. Native wildflow-
ers host numerous birds and insects whereas turf will not.
Natural landscapes are particularly valuable adjacent to
lakes and streams where they provide habitat for aquatic
insects and amphibians that spend time both in the water
and in terrestrial environments.

Improved air quality results, in part, from reduced usage
of lawn maintenance equipment that discharges hydrocar-
bons and nitrogen oxides into the environment. Native
plants also enhance air quality by filtering out particulates
and converting carbon dioxide to oxygen. In a related man-
ner, natural landscapes (particularly trees) provide clima-
tological benefits via shading and wind breaks, thereby
moderating temperatures and enhancing human comfort.

Natural landscaping also can provide aesthetic enhance-
ment. Natural landscapes provide a great variety of tex-
tures, colors, and shapes that vary seasonally. They also
attract a variety of wildlife, particularly birds and butter-
flies, enhancing their visual appeal.

The cost-savings in maintenance costs of natural land-
scapes can be dramatic. Natural landscapes need little of
no fertilizer or pesticide, as already noted. They do not
require regular irrigation, as does turf. They also need little
or no mowing. The preferred long-term maintenance ap-
proach for many naturally landscaped sites is prescribed
burning, performed every one-to-three years, much as it
was done by Native Americans.

Local Examples

Natural landscaping has been retrofitted onto numerous
sites throughout northeastern lllinois. Most of the retrofit-
ting has occurred on residential lots. In terms of commu-
nity impact, some of the most striking retrofits have been
on large office campuses and public properties.

Residentiallandscape conversions commonly involve the
replacement of turf grass or annual flowers with perennial
wildflowers and prairie grasses. Most conversions occur
gradually as residents discover and appreciate the advan-
tages of natural landscaping. In some cases, virtually the
entire lawn is converted, although in many cases signifi-
cant buffers of conventional landscaping are retained to
minimize potential conflicts with neighbors. As public edu-
cation and acceptance increase many communities that
formerly prohibited tall grasses and ungroomed land-
scapes, are now growing more flexible toward natural land-
scapes.

Commercial and office campus sites provide some of
the most impressive examples of natural landscape con-
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versions owing to their high visibility and large expanses
of land. Notable examples include the AT&T corporate cam-
puses in suburban Lisle and Naperville and the Prairie
Lakes commercial redevelopment in Homewood. Natural
landscape conversions on these sites have been motivated
by a combination of factors, including corporate image,
and the influence of employees.

Public properties, notably schools, parks, government
centers, and roadways, are increasingly popular targets
for landscape retrofitting. Schools provide logical retrofit
opportunities considering their typically large expanses of
high-maintenance turf and the potential educational op-
portunities. Wheaton Warrenville South High School, for
example, retrofitted 2.5 acres of turf into dry and wet prai-
rie vegetation. Students have been involved in planning,
planting, and management of the restored areas.

Restoring Stream and Rivers

The streams and rivers of northeastern lllinois reflect a
history of abuse and neglect. Over 40% of the stream miles
have been channelized or severely modified to provide
agricultural drainage or accommodate urban development.
Uncontrolled development of upstream watersheds has led
to severe flooding, streambank erosion, and water quality
degradation. Hence, there is a great need and opportunity
for retrofitting. In the context of this paper, retrofitting is
used to describe stabilization or limited rehabilitation of
the physical characteristics of the channel and its riparian
zone. Retrofitting includes stabilization of eroding banks,
enhancement of instream habitat, and restoration of the
near-stream riparian zone (Dreher 1998).

Benefits

Potential benefits include bank stabilization, improved
water quality, improved habitat, and enhanced aesthetics.

Bank stabilization can be achieved by a number of tech-
niques. The preferred approach would incorporate the use
of soil bioengineering techniques that are largely based
on natural materials and vegetation. Effective bank stabili-
zation reduces the loss of riparian land, protects stream-
side infrastructure (such as bridges and buildings), and
reduces sediment load.

Water quality improvement can be accomplished by a
number of retrofit techniques. One way to improve water
quality is to restore the natural pollutant filtering capability
of the riparian zone and floodplain. This is most readily
accomplished by re-planting streambanks and riparian
buffers with native vegetation, particularly indigenous wet-
land, prairie, and woodland plants that were common prior
to settlement. Another way to improve water quality is to
stabilize stream temperatures. Often, degraded streams
suffer from over-heated conditions during the summer due
to a loss of shading in combination with overly-wide, shal-
low channels. Establishing native vegetation, particularly
along sensitive headwater streams, can result in substan-
tial improvements.

Stream habitat is improved by restoring critical elements
such as meanders, pools, riffles, and natural substrate to
a degraded channel. Some habitat improvements can be
readily accomplished as part of other stream rehabilitation
projects. For example, the addition of rock substrate at
appropriate locations can accomplish both riffle enhance-
ment and stream bed stabilization. However, restoration
of meanders to a straightened stream channel typically
would be performed as an independent restoration project.

Aesthetic enhancement is accomplished in most resto-
ration projects, whether intended or not. Replanting of na-
tive vegetation to stabilize an eroded streambank, for ex-
ample, also results in a visual improvement. Intentional
enhancement of a degraded stream may be in the best
interest of some land developers, particularly of residen-
tial properties, to improve the marketability of a project.
For example, re-meandering and replanting a channelized
stream can convert an ugly ditch into an attractive stream
in the eyes of home buyers.

Local Examples

The Northeastern lllinois region has been the fortunate
recipient of funding to implement several stream restora-
tion demonstration projects. These projects, funded prin-
cipally through Section 319 of the Clean Water Act, have
provided highly visible models for others to emulate.

Two projects in which the Northeastern lllinois Planning
Commission has been involved are restorations of the
Skokie River and Flint Creek, located in suburban areas
north and northwest of Chicago, respectively (Price, 1997).
Both projects successfully demonstrated the use of “soil
bioengineering” techniques for streambank stabilization
and both restored significant areas of riparian buffer. The
projects also attempted to restore instream aquatic habi-
tat, although on a limited basis.

Several parks and golf courses have implemented
stream restorations to beautify their grounds and to re-
duce the loss of recreational lands to excessive streambank
erosion. Such restoration projects have utilized public edu-
cation to overcome the historical bias that favors mani-
cured landscapes over ungroomed “natural areas.”

Several large residential developers have implemented,
or initiated planning for, significant stream restoration
projects. These have been done with the intention of en-
hancing the visual appeal of the developments and/or
accommodating development on sites constrained by flood-
plain locations. Whatever the motivation, aquatic habitat,
water quality, and hydrologic functions stand to benefit
substantially. A notable example is the Fox Mill develop-
ment in west suburban Kane County. This project resulted
in the re-meandering of the ditched headwaters of Mill
Creek and the conversion of a large riparian buffer to na-
tive wetland and prairie.

Citizen organizations have been active in stream resto-
ration. These include loosely organized volunteer groups
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as well as land trusts that actually own and manage land.
Restoration activities have ranged from streambank stabi-
lization projects supported by volunteers to more-exten-
sive restorations of riparian buffers and wetlands. Notable
examples include the restoration of a 1000-foot buffer along
Flint Creek by the Citizens for Conservation and the re-
building of 200 feet of river edge and restoration of a ripar-
ian buffer along the Middle Fork of the North Branch Chi-
cago River by the Lake Forest Open Lands Association
(Price, 1997).

Retrofitting Stormwater Detention Basins

Northeastern lllinois communities have required
stormwater detention for new development since 1970.
Currently, the vast majority of municipalities and counties
have detention ordinances. While local ordinances are
some of the most restrictive in the nation with respect to
flood prevention, most have not incorporated water quality
designs until the recent past. For example, many older
basins are simple dry bottom designs, often with paved
low-flow channels, that provide little pollutant removal ben-
efit. Thus, there are substantial opportunities to retrofit older
basins to enhance their effectiveness. Retrofitting projects
can range from simple repairs or alterations to major reha-
bilitation, depending on the project objectives and the ex-
isting conditions of the basin.

Benefits

Detention basin retrofitting can be targeted to a range of
objectives. These include improved pollutant removal, im-
proved flow control, reduced maintenance, and enhanced
aesthetics.

Improved pollutant removal can be achieved in most
older dry-bottom basins. One retrofitting technique is to
revegetate basin bottoms with wetland plants in place of
turf. If paved low-flow channels exist, they can be replaced
with vegetated swales. Pollutant removal also can be en-
hanced by excavating settling basins at the inlets and/or
outlet of the existing basin. Settling basins can greatly en-
hance the removal of suspended solids and attached pol-
lutants. Outlet structures also can be modified to increase
detention times for small-to-moderate-sized storms,
thereby enhancing pollutant settling. Finally, pollutant re-
moval can be enhanced in basins where inlets and outlets
are located in close proximity, causing short-circuiting. This
is accomplished by lengthening flow paths through the
construction of low berms.

Improved flow control can be readily achieved in some
basins by modifying the outlet structure. This is particu-
larly beneficial in older basins that were designed to con-
trol only the 100-year discharge. The outlets of such ba-
sins can be retrofit with restrictor plates or berms, or re-
placed with completely new structures, to provide control
of smaller storm flows, such as the 2-year event. Such
control is important in stabilizing downstream flows to re-
duce the potential for streambank erosion. However, it
should be recognized that increasing the control of smaller
storms will result in less storage availability for larger flood
events.

Reduced maintenance is an objective in many older
basins. One way to reduce maintenance is to replace turf
grass on basin bottoms and side slopes with low-mainte-
nance native vegetation. Depending on wetness conditions,
either wetland plants or prairie grasses and wildflowers
can be used. Native vegetation requires only occasional
mowing or prescribed burning. Maintenance needs can be
reduced in some basins by excavating settling basins at
basin inlets. Properly sized basins can concentrate the
settling of most particulate matter at the inlets, thereby fa-
cilitating long-term sediment removal from the basin.

Enhanced aesthetics is a concern in many older basins.
Problems range from eroding shorelines to excessive popu-
lations of Canada geese. Shoreline erosion in wet-bottom
basins can be controlled with the introduction of buffers of
water-tolerant native vegetation into shoreline zones.
Where erosion is severe, installation of soil bioengineer-
ing measures, as previously described for stream restora-
tion, can be effective. Introduction of shoreline buffers of
taller native plants also can be an effective control for
Canada geese. Indications are that geese are not com-
fortable moving through tall vegetation and are, therefore,
more likely to seek conventionally landscaped basins. They
also prefer short turf grass as a food source.

Local Examples

In contrast to natural landscape conversions and stream
restorations, there has not been a widespread retrofitting
of detention basins in northeastern lllinois. Perhaps the
most likely explanation is that detention basin owners gen-
erally are unaware of the performance deficiencies of older
basins, particularly their inability to effectively remove
stormwater pollutants. Without regulatory incentives for
such retrofitting, little has occurred. Detention basins own-
ers are more responsive to maintenance and aesthetic
concerns. Consequently, older detention basins are being
retrofit with native vegetation and shoreline stabilization
measures.

The most notable detention retrofitting project in the re-
gion is a demonstration project funded in part by the U.S.
EPA through Section 319 of the Clean Water Act. This
project involved an older dry-bottom basin in the Village of
Flossmoor, approximately 30 miles south of Chicago (Price
and Dreher, 1995). The basin had a failed outlet structure,
due to sediment clogging, and a paved low-flow channel
between its principal inlet and the outlet. Retrofitting in-
volved the excavation of stilling basins at the two basin
inlets, excavation of a permanent pool at the outlet, instal-
lation of a new multi-orifice outlet structure, and revegeta-
tion of the basin bottom and side slopes with native wet-
land and prairie vegetation. The retrofit basin provides
substantially improved pollutant removal and improved
hydraulic control of small storms, and requires substan-
tially less maintenance than the former basin. Local resi-
dents have indicated their satisfaction with the aesthetics
of the retrofit basin, as well.
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Converting, or “Daylighting,” Storm Sewers

The term “daylighting” refers to the elimination of a storm
sewer or culvert and its replacement with open channel
flow. On the principle that open drainage systems provide
certain natural and aesthetic functions not provided by ar-
tificial, underground systems.

Benefits

There are several potential benefits of converting closed
pipes to open channels. These include improved water
quality and hydrologic functions as well as aesthetic ben-
efits. These benefits are optimized when the open chan-
nel is designed as a natural, unlined swale or stream.

Several water quality benefits are likely to result from
storm sewer daylighting. By running stormwater through
an open, vegetated channel, runoff pollutants can be fil-
tered and transformed by a combination of physical and
biological processes. These processes, similar to those
occurring in natural swale and stream systems, are con-
strained in closed pipes by inadequate light and the ab-
sence of natural substrates.

Improved hydrologic functions also are likely to result
from sewer daylighting. For example, flow in an open swale
will have some opportunity for infiltration, thereby enhanc-
ing natural recharge and baseflow. Natural open channels
also can better dissipate flow velocities, potentially reduc-
ing downstream flooding and channel erosion.

Aesthetic benefits are most readily appreciated at the
point where a storm sewer or culvert discharges to a re-
ceiving stream or lake. Eliminating storm sewer bulkheads,
in particular, is likely to enhance the visual appeal of a
bank or shoreline, and enhance recreation in the waterbody
(Dreher and Price, 1997).

Local Examples

There are few reported examples of storm sewer
daylighting in northeastern lllinois, although there is increas-
ing interest in the concept among watershed managers.
One documented project is the conversion of several hun-
dred feet of large diameter storm sewer serving downtown
Barrington, northwest of Chicago. As part of a redevelop-
ment project, the Village removed the storm sewer and
replaced it with a meandering wetland swale. The objec-

tives of the project were to enhance the quality of the dis-
charge into nearby Flint Creek and to improve the appear-
ance of the property from an adjacent park and a planned
trail (Price, 1997).

Several area watershed groups are currently discussing
opportunities for daylighting. In particular, the Friends of
the Chicago River, as part of a comprehensive watershed
management project, have identified storm sewer
daylighting as a remedial best management practice
(BMP). Itis notable that in some areas of the North Branch
Chicago River watershed, nearly all of the historical sur-
face drainage system has been replaced by storm sew-
ers. In this context, storm sewer retrofitting will not only
benefit the river but also may educate local residents to
the advantages of a natural drainage system looks like.
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The focus of the Rouge River National Wet Weather
Demonstration Project (Rouge Project) is to clean up the
Rouge River in southeast Michigan. The Rouge River wa-
tershed includes portions of the City of Detroit and 47 com-
munities west and northwest of Detroit. Water quality sam-
pling and models show that eliminating combined sewer
overflows (CSOs) alone will not ensure that water quality
standards are met or that the river can be used for all pur-
poses the public desires. The information presented in this
paper shows that non-stormwater sources, such as on-
site sewage systems and illicit discharges, are major con-
tributors to the contamination of the river.

On-site Sewage Disposal Systems

On-site sewage disposal systems (OSDS) exist in ur-
ban areas of the Rouge River Watershed and are contrib-
uting to surface and groundwater pollution. In Wayne,
Oakland, and Washtenaw Counties, OSDS requirements
exist only for the installation of such systems; operation
and maintenance are the responsibility of the owners.
Rouge River OSDS failure rates documented in surveys
conducted in 1994, 1995, and 1997, varied between 17
and 55%. The 1995 and 1997 studies evaluated 528 resi-
dential OSDS for failures, which were identified by the fol-
lowing:

 observation of sewage discharging from the area of
the OSDS

« observation of liquid on the ground surface of the dis-
posal field

« identification of a pipe draining sewage from the dis-
posal field area

« heavy vegetation on or near the OSDS

« detection of dye in surface water downstream from the
septic tank after dye was placed in the septic tank.

Some surface waters in sewered communities have been
found to be unsafe for human contact due to high levels of
E. colibacteria. Sources of E. colihere include CSOs, sani-
tary sewer overflows and leaks, illicit connections, wildlife
excrement, and failing OSDS. lllicit dumping of septic
wastes from recreational vehicles may also contribute to
occasionally high E. coli counts. Some surface waters that
drain areas which are not served by sanitary sewers have
also been found to be unsafe for human contact due to
high E. coli bacteria counts. These unsewered areas are
served by OSDS. Other potential sources of E. coli bacte-
ria here are illicit discharges through pipes that drain to
surface water, wildlife excrement, and agricultural opera-
tions.

In order to perform the OSDS surveys, it was necessary
to identify the locations of systems installed in the study
areas. While local health departments issue permits for
OSDS installations, three of the four health departments
in the Rouge River Watershed have not entered permit
information into computerized databases. Local commu-
nities did not have records of OSDS. Each of the surveys
required the development of a database of OSDS permit
information to help locate systems in the field. Census data
from 1990, which included information about the numbers
of OSDS by city block, were used to identify areas served
by OSDS. Information available from water utility billings
from each community was also included in the OSDS da-
tabases, along with the results from the field surveys. Re-
sults from compiling the databases were surprising to lo-
cal governments. These included the following:

* The 1990 census data showed that there are more
than 1,700 OSDS within Detroit city limits. City offi-
cials were surprised at these figures, since on-site
sewage disposal systems are illegal in Detroit.

« Further checking indicated that there are areas in the
City not served by sewers. Although a City policy ex-
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ists requiring payment for sewer connections, no fol-
low-up has occurred to verify that connections have
taken place.

« Utility billings were screened for three communities in
the study area to identify households that were paying
for water but not for sewer service. Homeowners who
were billed for sewer service (e.g., were connected to
sewers) were not surveyed. Results through Septem-
ber 1997, revealed the following:

Total Number  Homes with Homes with

of Homes City Sewer Total Homes OSDS that

Community  Contacted Connection  with OSDS are Failing
A 152 18 134 28
B 239 22 217 45
C 53 15 38 6

« Of the 444 homes contacted, 55 reported that they
are connected to the city sewer but are not paying
sewer charges.

 Of the 389 homes surveyed with OSDS, 79 had failing
systems (20% failure rate).

* None of the communities were aware that homes were
connected to sewer systems but not being billed for
service. These communities are losing revenue by not
recovering costs of operation and maintenance of the
sewer system from these customers.

Wayne County Study

The Rouge Project Office funded a grant to Wayne
County to conduct visual surveys of OSDS for homes lo-
cated along a Rouge River tributary that drains into an
area being considered for canoeing. Because of high E.
coli bacteria counts, canoeing on the river has been dis-
couraged. Through October 31, 1997, the County had con-
ducted surveys for 427 homes to identify signs of OSDS
problems. Of these, 90 systems have been described as
failing or potentially failing—a failure rate of 21%. Typical
descriptions from the field notes were as follows:

« Sewage backup in the home.
» Gray water discharging to the ground surface.
« Standing water on top of the gravel seepage field.

« Mushy area, associated with the back end of an ap-
parent seepage field.

« lllicit connection and undersized septic tank (100 gal-
lons) drained by a trench type (long single perforated
pipe) seepage field.

* Black sludge residue and toilet paper debris around
surface of the septic tank covering.

* Growth of cattails, wet marsh on the face of a down-
ward sloping hill.

Oakland County Study

Another study, which took place in the Oakland County
portion of the Rouge River Watershed, included dye test-
ing septic tanks and stream sampling for fecal coliform, E.
coli bacteria, and benthic macroinvertebrates. Study re-
sults are as follows:

« Of 49 surface water sampling sites, 43% had a daily
geometric mean for E. coli bacteria of 1,000 or more
per 100 milliliter of sample.

* The macroinvertebrate study was done to determine
the water quality of streams in the survey area. A scale
was developed to rate macroinvertebrate and water
quality. The results in the study area ranged from 7,
which indicates poor water quality, to 20, which is con-
sidered good water quality.

* Dye testing conducted in 1994 showed that 53% of
the homes tested had discharges to the river.

» An optical brightener test to detect laundry waste was
conducted at the river sites where dye was collected.
These were all negative.

*Dye testing conducted in 1995 showed a 39% failure
rate for OSDS in the communities surveyed.

Future Direction

The future direction of this effort is to establish, in coop-
eration with local health departments, an on-site sewage
management program in each community. Communities
are also encouraged to address on-site sewage systems
in applications for general stormwater permits issued by
the State of Michigan under the National Pollutant Dis-
charge Elimination System (NPDES) Program. Septage
disposal problems are being addressed with septage haul-
ers and disposal facilities.

Costs

Grant expenditures for the Wayne County and Oakland
County surveys were $105,000 and $61,000, respectively.
This includes amounts spent by agencies to administer
the grants, conduct the investigations, and complete nec-
essary reports and other documentation. Additional costs
were realized by communities required to extend sewers
to problem areas and homeowners who were required to
correct failing OSDS or connect to available sewers.

lllicit Connections

From 1987 through 1996, Wayne County investigated
approximately 3,340 businesses and industries for illicit
connections to the storm sewer system. Approximately 9%
of the facilities inspected were found to have illicit connec-
tions. The elimination of these improper discharges has
diverted raw sewage and other pollutants from the river to
the wastewater treatment plant. Findings of the investiga-
tion are as follows:
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« An average of 2.6 improper connections were found
at businesses that had illicit connections.

» The majority of illicit connections in non-residential fa-
cilities were drains connected to storm sewers. These
included floor drains, trench drains, interior catch ba-
sins, oil separators, machine process water drains, and
sump pumps. The categories of illicit connections found
were floor drains (46%), sinks (20%), washing ma-
chines (15%), toilets (11%), and a variety of others
(8%).

A method to prioritize the investigation was developed
based on the Standard Industrial Classification (SIC)
of businesses. The prioritization method was success-
ful for locating illicit connections. It was not helpful in
locating illicit discharges of E. coli.

The use of aerial, infrared, and thermal photography
to locate discharges that have a higher temperature
than that of the stream, or locations where algae might
be concentrated, is in the experimental phase. The
aerial infrared experiment also examines soil tempera-
tures, land surface moisture, and vegetative growth.
Assumptions are that (1) a failing OSDS will have in-
creased moisture in the surface soil, (2) the area will
be warmer, and (3) vegetation will grow faster than
the surrounding area. These differences should be vis-
ible in the digital data. Analysis of data collected has
been hampered by a lack of resources to conduct field
work needed to develop computer references.

*To date, there have been no definite correlations
among field tests for ammonia, anionic surfactants
(detergents), and E. coli.

Field crews and members of the public have identified
a significant number of improper discharges to the river
through visual observations.

«Stable isotopes of oxygen and hydrogen have been
used to determine the presence of sanitary sewer water
in discharges.

« Visual observations and liquid flow testing indicate that
160 manholes and outfalls have suspicious discharges.

* Based on these findings, the estimated number of
potential illicit violations in the entire Rouge River
Watershed is 5,260.

It is estimated that 51 million gallons of liquid will be dis-
charged from illicit connections within the Rouge River
Watershed. Field work performed during dry weather (72
hours without precipitation) identified 160 manholes and
outfalls that had ammonia readings of 1.0 or greater, or
had visible conditions that were cause for further investi-
gation. All of these manholes were investigated for ammo-
nia, anionic surfactants, and E. coli. The bacteria results
showed that 16 locations had E. colibacteria counts greater
than 5,000 per 100 ml. These locations will have a de-
tailed investigation to locate the source. Many of the areas

with suspicious discharges are residential areas. Munici-
palities will be requested to participate in finding improper
connections.

Work performed in 1997-98 will focus on locating sources
of E. colithat are impacting the Rouge River from Nankin
Dam to Merriman Road, a distance of approximately 1.5
miles. This is a prime area for recreational activity, which
would be significantly increased if the river was safer for
human contact. The work will begin at the 16 manholes/
outfalls with high E. colibacteria counts mentioned above.
Manholes located upstream of the sampling sites will first
be tested. Each highly suspect source will be dye tested
to confirm whether or not it is contributing to high E. coli
counts. Sampling of Tonquish Creek and its tributaries that
drain into the proposed canoeing site will be conducted
during dry weather to determine if the same process will
be needed in this area.

An example of going upstream from a trouble spot to
locate the source of pollution is the investigation of a storm
sewer relief drain. An 11-foot storm sewer had been under
suspicion for several years. In 1997, samples were col-
lected from manholes located upstream from the discharge
point. Samples collected in June from one of the laterals
connected to the sewer had E. coli counts of 8,160 and
9,600 per 100 ml. Additional samples were taken five days
later. Levels of E. coli from samples taken progressively
upstream in the storm sewer where the 9,600 per 100 ml
count was found were 12,560; 24,000; 160,000; and 9,600
per 100 ml. A lateral of this sewer had a result of 4,800 E.
coliper 100 ml. The manhole with the 160,000 per 100 ml
count was found to be the “hot spot.”

The results of this sampling activity were shared with
city officials who decided to have the sewer televised.
However, the tapes did not show any suspicious connec-
tions. Plans were then made to begin dye testing at homes
located next to the storm sewer. Before beginning the pro-
cess of dye testing, another sample was taken at the trouble
spot to have current information. The results of that sample
indicated less than 8 E. colibacteria per 100 ml. Following
discussion with the city, it was agreed that dye testing would
be postponed. It was also agreed that residents would be
informed of the sampling activities that had taken place on
their street. At this point, it was felt that the high E. coli
count from the initial sample may have been due to an
incident of someone dumping wastes directly into the
sewer. A letter was sent to residents asking them to let the
city or county know if they had knowledge of any practices
that could have resulted in the high E. coli counts. As a
result of these sampling activities, this investigation, and
community interest, sampling continues on a monthly ba-
sis on this street.

Future areas to be checked will be identified based on
citizen complaints, a review of manhole and outfall sam-
pling to determine contributing conveyances, and instream/
insewer sampling to localize the area. Using Rouge Project
GIS, maps have been prepared for tracking the sampling
of manholes and outfalls. These maps and the sampling
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data help municipalities identify and prioritize areas that
need to be further investigated.

Future Direction

The future direction of illicit connections/discharges is to
have each community in the Rouge River Watershed com-
mit to actively exploring illicit connections/discharges.
Grants and assistance from county agencies are available
to communities and agencies. As part of an application for
a General Stormwater Permit from the State of Michigan
under the NPDES program, a community is required to
develop an lllicit Discharge Elimination Plan. The Rouge
Project assists communities in preparing these applica-
tions. Elements of the lllicit Discharge Elimination Plan
recommended to be included are (1) a legal basis for the
program, (2) how problem areas will be identified, (3) how

the sources will be pinpointed, and (4) how to achieve cor-
rection, evaluation, and reporting.

Costs

The budget for the lllicit Detection Investigations Pro-
gram in 1996-97 was $735,000. The budget for the 1997-
98 program is $599,000. Besides field work, this budget
includes trials of different methods of investigation, test-
ing, and subcontracting for special studies. There is also a
significant cost for grant administration. Not included are
costs likely to be incurred by businesses to correct illicit
connections or the cost to communities of televising sew-
ers to locate illicit connections. The 1997-98 program pro-
vides nine full-time-equivalent employees. Of these, six
perform investigations and water sampling.
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Stormwater Management in an Environmentally-Sensitive
Urban Bushland in Sydney, Australia

Dr Stephen Lees
Executive Officer, Upper Parramatta River Catchment Trust
Sydney, New South Wales, Australia

Introduction

This paper outlines and discusses the challenges faced,
and the techniques employed, by the Upper Parramatta
River Catchment Trust in developing and executing an in-
tegrated stormwater management strategy in an environ-
mentally sensitive bushland reserve in the middle of the
Sydney metropolitan area, in New South Wales, Australia.

The key element of the strategy was a 30-metre high
concrete wall and associated structures, which form a large
flood detention basin in the bushland reserve. Completed
in mid 1996, the flood basin protects over 300 properties
in several residential and commercial areas from major
floods.

As part of the overall project, complementary measures
such as bushland regeneration, creek bank stabilisation,
water quality monitoring and sediment and litter traps were
implemented in the reserve to overcome serious existing
degradation of the bushland and protect it from further
degradation.

The adopted strategy was considered to be the best
possible compromise between the need to protect the
bushland environment and the need to protect homes, of-
fices and factories from flooding. This paper briefly out-
lines the history of the project and some of its more note-
worthy features.

Background

The Upper Parramatta River watershed or catchment
forms the headwaters of Sydney Harbour in the city of
Sydney, in the State of New South Wales, Australia. As
shown in Figure 1, the catchment is located in the centre
of the Sydney metropolitan area, between 20 and 30
kilometres west of the Sydney central business district.
The outlet of the upper catchment is at a weir separating
the freshwater and estuarine sections of the river. This is
located just downstream of the Parramatta central busi-
ness district, the main commercial centre for western
Sydney.

The area of the catchment is 110 square kilometres and
has a population of 230,000. Most of the catchment’s

70,000 properties are single detached residences, although
there are extensive commercial and industrial areas and
an increasing number of multiple occupancy dwellings.
Much of the catchment is urbanised, although there are
significant areas of remnant vegetation in bushland re-
serves and urban forests, most located along the creeks.

Figure 2 shows that the two main tributaries of the
Parramatta River are Toongabbie Creek which drains the
west and south of the catchment and Darling Mills Creek
which drains the northeast.

The upper Parramatta River catchment includes portions
of the areas of four local authorities (called local councils
in Australia). Baulkham Hills, Blacktown and Holroyd cover
the upslope areas in the catchment’s north, west and south
respectively, whilst Parramatta covers the catchment floor.

Although the catchment has experienced flooding since
the earliest days of European settlement from 1788, the
problem was compounded by rapid urban development of
the catchment in the 1960s and 1970s. At that time the
hydrologic impacts of urbanisation were not appreciated
and there was a lack of cooperation among the local coun-
cils. The growing flood threat only became apparent dur-
ing a series of storms in the late 1980s, which inundated
hundreds of properties many times. Detailed flood studies
showed that, in storms only marginally larger than those
experienced, substantial areas including much of the
Parramatta central business district would be flooded.

The historic Lennox Bridge over the Parramatta River at
Parramatta increases the risk of serious flooding in the
Parramatta central business district. Constructed in 1837,
this sandstone arch bridge is the third oldest bridge in Aus-
tralia. Unfortunately, its arched waterway opening means
that, as the river level rises, less and less additional water-
way is available to pass flows.

Hydraulic studies showed that once the river level
reaches the top of the arch opening, as almost occurred in
the 1986 and 1988 floods, the river would break its banks
and quickly flood substantial areas of the central business
district. The flood risk, and the consequential development
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Figure 2. Location of existing flood detention basins in catchment

restrictions imposed by the Parramatta Council, caused
the affected parts of the central business district to be-
come rundown.

A proposal in 1991 to reduce peak flood levels by de-
molishing Lennox Bridge was narrowly voted out by
Parramatta City Council. Soon after, the state government
put a ‘permanent conservation order’ on the bridge, effec-
tively ruling out that option.

Attention then turned to alternative solutions, particularly
in the Darling Mills Creek sub-catchment. Although this
sub-catchment occupies only one-third of the upper catch-
ment, it contributes half the storm flows because of its
higher rainfalls and steeper slopes. Moreover, as shown
in Figure 2 there were seven large flood detention basins
and several smaller basins in the Toongabbie Creek sub-
catchment; there were none along Darling Mills Creek.

For most of its length, Darling Mills Creek flows through
a heavily vegetated and steep-side sandstone valley up to
100 metres deep contained within a publicly owned
bushland reserve, Excelsior Reserve. Urban development

surrounds Excelsior Reserve on all sides. Despite this, the
dense vegetation and the deep valley, together with mas-
sive sandstone cliffs, create a sense of wilderness which
many local residents make use of for bushwalking and quiet
relaxation.

The extensive urban development surrounding Excel-
sior Reserve has also caused the creek’s water quality to
deteriorate and the bushland either side of Darling Mills
Creek to become degraded. The reserve was infested with
weeds, there was severe creek bank erosion in places,
and considerable litter and nutrients were swept into the
reserve by stormwater. Despite voluntary bushland regen-
eration work by local residents, Baulkham Hills Shire Coun-
cil has been unable to allocate the funds needed to over-
come the degradation.

Investigations

Because the issues involved two local council areas
Baulkham Hills and Parramatta, investigations into a pos-
sible solution were sponsored and managed by the Upper
Parramatta River Catchment Trust, the catchment man-
agement authority for this area.
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The trust had been established in 1989 following repre-
sentations by local authorities and the public in the wake
of several major floods. It is a state agency funded by an
annual levy on all catchment properties. The trust’s char-
ter is to coordinate flood mitigation, water quality and re-
lated catchment management activities in accordance with
the NSW Government's integrated catchment management
policy. It has a part-time board of twelve directors (nomi-
nated by the four local councils and relevant state govern-
ment agencies) and a permanent staff of seven.

The future of the trust is currently being considered in
the context of a planned catchment management body for
the entire Sydney Harbour catchment.

Initial studies by the trust showed that a large flood de-
tention basin in the bushland reserve on Darling Mills Creek
was the only viable way to protect from floods over 300
properties in the Parramatta central business district and
four other flood-liable areas along Darling Mills Creek and
the Parramatta River.

This immediately posed three significant challenges be-
cause it meant:

« building a large structure in an environmentally sensi-
tive bushland;

« storing floodwater temporarily in a heavily vegetated
reserve (until then detention basins had only been built
on grassed playing fields); and

* creating a large detention basin in the upstream local
council area (Baulkham Hills) to protect properties in
the downstream local council area (Parramatta) from
flooding.

Community Consultation — Support and
Opposition

From the outset, a community group formed to protect
the bushland reserve signalled its strong opposition to the
proposal for a large flood basin in the reserve. Despite its
strident opposition, the group participated in the workshops
and meetings held whilst the proposal was being formu-
lated and its impacts assessed. Other groups from flood-
liable areas further downstream were vocal in expressing
support for the flood basin.

A project steering committee was formed with represen-
tatives of the trust, both councils, government agencies
and groups supporting and opposed to the flood basin.
The committee met regularly during the course of the in-
vestigations. In addition, two community workshops were
conducted to obtain community feedback at critical stages.
Finally, a two-day Value Management Workshop to assess
the most favourable alternative was conducted by an in-
dependent facilitator. Progress reports were published in
the trust’s quarterly newsletter delivered to all catchment
households.

Investigations and Design

Although not legally required, the trust decided to pre-
pare an environmental impact statement (EIS) to support
a formal application to Baulkham Hills Shire Council to
implement the stormwater strategy, including the large
detention basin. This ultimately involved some 40 sepa-
rate environmental, social, economic and technical stud-
ies over two years at a total cost approaching $500,000
(Australian dollars). The issues addressed ranged from Ab-
original archaeology, acoustics and air quality, to water
quality, weed control and zoology.

Of these issues, the most controversial was the likely
impact of the basin on vegetation in the impoundment area.
It was claimed that the raised flood levels inside the basin
would spread weeds to higher elevations in the bushland
reserve, whilst raised soil moisture levels would eventu-
ally kill off mature trees. This issue proved difficult to re-
solve because of the apparent absence of other detention
basins in bushland areas. In general, studies of other is-
sues found that impacts of the basin would be minor and
could be effectively mitigated.

A key part of any EIS is the assessment of all feasible
alternatives to the favoured option. Opponents of the large
basin sought to frustrate the EIS by repeatedly proposing
alternatives that, it was claimed, would avoid the need for
the basin. Each had to be examined carefully. In all, 20
alternatives or groups of alternatives were assessed, in-
cluding different large basins, groups of small basins, bridge
modifications, a flood tunnel by passing Parramatta, ac-
quisition of flood-liable properties and/or compensation.

The first stage of the evaluation confirmed that only a
large basin in Excelsior Reserve would protect all at-risk
communities at an affordable cost. The second stage evalu-
ation showed that the basin site near Loyalty Road, North
Rocks, was clearly superior on environmental, social and
financial criteria. This conclusion was confirmed at the
Value Management Workshop run by an independent fa-
cilitator.

Different types of basin walls (dams) were also exam-
ined. On technical, environmental and financial criteria, it
was found that a mass concrete wall constructed with roller-
compacted concrete (RCC) would be best. The concept
design was refined and detailed plans prepared. The de-
sign team included Ernest Schrader of the US, the world’s
foremost expert in the roller-compacted concrete technique.
Mr. Schrader visited for a week during the design work,
and again during the construction.

The basin wall was to be 23 metres (at the spillway) to
30 metres (at the abutments) high, and 110 metres long at
its maximum height. It would comprise 23,000 cubic metres
of RCC, with pre-cast concrete panels on its external faces.
Its upstream face would be vertical. Its downstream face
would consist of a series of steps and have an overall slope
of 0.8 to 1. A central spillway, with walls either side, was
designed and model tested to safely pass even the largest
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possible flood. A 2.5 by 2.7-metre culvert allows passage
through the wall and contains a 1-metre square low-flow
channel.

Some key issues and concerns identified during prepa-
ration of the EIS are listed in Table 1, together with how
each was addressed.

The basin would have a maximum flood storage capac-
ity of 1.5 million cubic metres. Detailed hydrologic and hy-
draulic studies conducted by the trust showed that the flood
basin would reduce the peak flow in the critical 1 in 100

(1%) annual exceedance probability (AEP) storm by 75%,
reducing the number of flood-liable properties further down-
stream from 313 to 75. However, all detained floodwater
would drain away within 3 to 6 hours of the rainfall easing;
and flows in the creek would be unaffected for more than
99% of the time.

Development Consent

In early September 1994 the trust submitted its devel-
opment application to Baulkham Hills Shire Council. This
was supported by an EIS comprising a 350-page main re-

Table 1. Darling Mills Creek Stormwater Management Strategy - Addressing Key Concerns

Issue or Concern

How Addressed

Most flood mitigation benefits
in another local council area
(Parramatta).

Fear that temporary flooding of
bushland would kill or degrade
vegetation.

Visual intrusion of large man-
made structure into natural
setting.

Loss of bushland area due to
structure.

Raised water levels in basin will
spread weeds to higher levels
in valley.

Basin wall will block use of track
along bank of creek by hikers
and animals.

High-velocity water discharging
through culvert in basin wall (up

to 15 metres per second) will scour
downstream creek banks.

Construction truck movements
up and down narrow unsealed
track to site will cause unaccept-
able noise, dust and erosion.

Construction noise will disturb
residents living in nearby houses.

Need to construct basin wall
quickly to minimize risk of flooding
of construction works by rises in
creek.

Concern about safety of basin
wall in an extreme flood.

Significant areas of bushland
will be cleared to provide for
stockpiles, storage and batching.

Hikers may be trapped in basin
by quickly rising floodwaters.

Flood basin ‘packaged’ with various environmental measures to address serious degradation of the
Excelsior Reserve bushland and the creek.

Flood studies showed that all stored water will drain away within 3 to 6 hours of heavy rainfall easing.
Baseline surveys made of vegetation and creek channel against which future changes can be assessed.
Similar detention basin in Adelaide Hills of South Australia found to have caused no significant harm to
upstream bushland after 30 years.

Basin wall sited within a creek meander so that the wall is only visible within 50 metres upstream and
downstream.
Texture, width and colour of external panels designed to blend in with shadows from nearby tall trees.

Basin wall constructed using roller-compacted concrete to minimize its ‘footprint’ — only 2 hectares in 300-
hectare reserve.

All weeds removed from the basin area and up slope to prevent the spread of weeds. Ongoing bush
maintenance to control weed regrowth.

Culvert through the bottom of the wall allows normal creek flows to flow through, and enables hikers and
animals to pass from one side of the wall to the other.

Dissipater structure and stilling basin designed and model tested to control the high-velocity flow out of the
culvert under flood conditions and reduce its velocity before the floodwaters discharge into the downstream
creek.

A Rotec conveyor system was imported from the USA to deliver RCC and conventional concrete from a
temporary batching plant near the reserve edge to the basin wall. The conveyor zigzagged its way
between the trees, avoiding the need to remove any large trees.

Vehicle access to the construction site was through an adjoining industrial area. Construction was limited
to daylight hours five and half days per week. A 24-hour per day ‘hot line’ operated by a specialist
consultant received and dealt with all inquiries and complaints.

Precast concrete panels acted as formwork for placement of the RCC in layers and as the permanent
external facing of the basin wall.

Basin wall has a central spillway, with training walls on either side, capable of passing the probable
maximum flood. Steps on downstream face help dissipate energy of overtopping floodwaters. Design was
approved by state agency responsible for dam safety.

Areas able to be cleared strictly limited by contract with stiff penalties for non-compliance. RCC aggregate
blended off-site. Materials delivered to site only when required.

Studies showed rate of rise of floodwaters increased, but not unduly hazardous. Creek-bank walking track
upgraded. Bypass walking track constructed up and around basin wall. New footbridge built over creek.
Signs erected indicating egress routes.
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port and three volumes of specialist working papers, each
of about 300 pages.

Because of strong opposition to the project from the
small, but determined group, and the possibility that its
decision could be appealed in the courts, city council was
careful to allow everyone to have a say. The proposal was
publicly exhibited and comments on the proposal and the
EIS were invited. Letters of objection were received from
25 households and letters of support from 19. Council held
a public meeting to discuss the proposal. About 60 people
attended — equal numbers for and against the proposal.
Council also had a retired judge conduct a mediation con-
ference at which groups supporting and opposing the
project put their case; but no compromise could be found.

At about this time the trust was advised of a similar large
flood detention basin in the Adelaide Hills of South Austra-
lia, which temporarily inundated natural bush. An inspec-
tion by council members and senior staff showed healthy
mature trees growing in areas subject to regular inunda-
tion and no significant infestation by weeds.

Finally, after seven months of comment and delibera-
tions, the trust’s application was approved unanimously
by the council, subject to over 100 conditions previously
agreed upon. Because government funding was required
to help finance the project, the EIS was also submitted to
the Commonwealth Government and, in due course, ap-
proved.

Construction

To avoid needless delay in commencing construction,
detailed design plans had been prepared whilst the EIS
was being finalised, before development consent was
granted.

Within a month of development consent, detailed de-
sign plans were completed and tenders for construction
called. Within three months, a $6 million contract to con-
struct the basins wall was awarded and a consultant ap-
pointed to supervise the construction. The other environ-
mental and structural measures, which formed part of the
overall Stormwater Management Strategy, were carried out
under separate contracts or by direct trust supervision of
contractors. Construction was subject to severe environ-
mental conditions reflecting the environmental sensitivity
of the site, all monitored closely by the relevant agencies.

The main difficulty experienced during the 12-month con-
struction period was frequent wet weather for four months.
This caused the exposed excavation to be flooded 20 times,
requiring exhaustive cleanup after each flood event.

Some of the more successful construction features were
the pre-blended aggregate, the RCC mix, the conveyor
system used to deliver RCC to the basin wall and the pre-
cast panels used both as formwork and the permanent
facing of the wall.

Upon completion of the basin wall in July 1996, all dis-
turbed areas were restored using previously salvaged
plants, mulch, topsoil and rocks.

Other measures carried out as part of the overall project
included:

« an alternative walking track around the basin wall site,
incorporating a new timber bridge over the creek, a
set of steps down a sandstone rock face and a formal
viewing area;

« detailed vegetation transect and creek cross section
surveys against which future changes can be as-
sessed;

» removal of all weeds from the 10-hectare basin im-
poundment area and regeneration with suitable na-
tive plants, then maintenance for at least five years;

« extensive creek bank stabilisation to allow four-wheel
drive vehicle access to the basin wall for maintenance;

« testing of water quality upstream and downstream of
the basin wall site before and during construction;

« construction of a CDS (continuous deflective separa-
tion) pollutant trap and sediment traps on gullies lead-
ing into the reserve; and

* survey, trial excavation and ongoing monitoring of sev-
eral rock shelters with Aboriginal archaeological po-
tential within the basin impoundment area.

Conclusions

The largest flood detention basin in New South Wales,
Australia, has been constructed in a degraded, environ-
mentally sensitive bushland reserve a few kilometres north
of the Parramatta central business district in western
Sydney. The project not only addressed flooding, but also
deteriorating water quality and bushland degradation. The
local council approved it after exhaustive studies showed
that a large basin was the only feasible way to cost-effec-
tively achieve the flood mitigation objectives and that any
adverse impacts on the bushland could be avoided or
minimised. The environmental assessment undertaken was
undoubtedly the most comprehensive ever carried out for
a stormwater project in New South Wales.

The project illustrates the changing nature of urban
stormwater control projects: the comprehensive investiga-
tion of all possible impacts, the detailed evaluation of al-
ternatives, the community involvement, its multi-objectives,
the strict environmental controls and the use of new con-
struction technigues to minimise environmental harm. The
increasing requirements for such projects mean that, in
future, their proponents will have to accept the consider-
able challenges involved, and allow the necessary time
frame and budget.
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Can a Steel Plant be Clean?

Nigel Ironside
Auckland Regional Council, Auckland, New Zealand

Alistair Atherton
Fletcher Challenge Steel Ltd, Auckland, New Zealand

Introduction

This paper discusses stormwater management, and in
particular stormwater quality control, from a heavy indus-
trial site located on the upper reaches of the Manukau
Harbour, in Auckland, New Zealand.

Founded in 1962, Pacific Steel Ltd., a business unit of
Fletcher Challenge Steel, is New Zealand’s second larg-
est steel manufacturing plant, and its largest recycling op-
eration. The plant processes 200,000 tonnes of scrap steel
including some 60,000 car bodies annually to produce a
range of wire rod and reinforcing steel bar products. The
Pacific Steel site covers some 20 ha (45 acres) and in-

cludes both steel manufacturing and scrap metal recovery
operations. Prior to development, the site was under pas-
ture.

The site is located on the southern shores of the Mangere
Inlet, in the upper reaches of the Manukau Harbour (Fig-
ure 1). The outer Mangere Inlet is recognised as important
for marine vegetation, and as a high tide roost for thou-
sands of international migratory and New Zealand endemic
wading birds, including a number of threatened species.

Significantimprovements in the quality of Pacific Steel's
stormwater discharge have been achieved over the past 5
years following the construction of a stormwater pond/wet

Figure 1. Map location
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and treatment device, and the implementation of a com-
prehensive stormwater management plan for the site.

The stormwater treatment device is used as a demon-
stration site for stormwater treatment from a heavy indus-
trial area in the Auckland Region, and consequently has
been extensively monitored by both Pacific Steel Ltd. and
the Auckland Regional Council (ARC). This paper outlines
the results of this monitoring. The paper also highlights
how the site’'s stormwater management practices have
improved, particularly in response to the results of this
monitoring. Finally the paper discusses the practical ex-
periences gained in the operation of a stormwater treat-
ment device within a heavy industrial site.

New Zealand's Statutory Environmental
Framework

By way of background, New Zealand’'s environmental
statutory framework is set out in the Resource Manage-
ment Act 1991 (RMA). This is an omnibus piece of legisla-
tion having consolidated some 56 pieces of legislation re-
lating to the environment. The purpose of the RMA is to
“promote the sustainable management of natural and physi-
cal resources.” The RMA also sets out the powers, duties,
and functions of the various authorities responsible for
implementation of the Act.

The ARC is the environmental protection agency for the
Auckland Region. With respect to stormwater manage-
ment, the ARC has responsibilities for minimising natural
hazards such as flooding, and for stormwater quality is-
sues.

The RMA is an effects-based piece of legislation, and
requires the effects, both positive and negative, of any pro-
posed activity to be identified prior to commencement of
that activity. Once identified, the RMA requires that any
adverse effects are, as far as possible, avoided, remedied,
or mitigated.

While focusing on the effects of a given activity, the RMA
also enables a “best practical option” (BPO) approach to
be taken to the discharge of contaminants to air, water, or
land, or an emission of noise. This BPO approach is de-
fined as the best method for preventing or minimising the
adverse effects on the environment having regard to,
amongst other things:

1. the nature of the discharge or emission and the sensi-
tivity of the receiving environment to adverse effects

2. the financial implications on people and society

3. the effect on the environment of that option when
compared to other options

4. the current state of technical knowledge and the like-
lihood that the option can be successfully applied
ARC Stormwater Management Program

The ARC initiated its stormwater quality control
programme in the late 1980s, in response to growing con-

cerns over the impact contaminated urban runoff was hav-
ing on both the freshwater and marine receiving environ-
ments.

Auckland is characterised by the fact that it sits astride
two major harbours. Its freshwater catchments are gener-
ally short and steep, with most discharging to low energy
estuarine and upper harbour areas. Any contaminants that
wash off the land, therefore, are rapidly deposited in these
low-energy marine environments, and accumulate with
time.

Given the variability of stormwater quality through time
and from different land uses, the ARC adopted a “best prac-
tical option” approach to its management and, in particu-
lar, the treatment of stormwater.

At an early stage in the development of the stormwater
quality control programme, the ARC prepared design guide-
lines for stormwater treatment devices (ARC 1992).
Through this design manual, guideline removal efficien-
cies for stormwater treatment of 75% for suspended sol-
ids are promulgated. The ARC also requires all new de-
velopment or redevelopment to address stormwater qual-
ity on a case by case basis (ARC 1995).

The ARC has established, in conjunction with a number
of interested parties, a range of representative stormwater
treatment demonstration sites, from which to monitor the
effectiveness of a range of treatment devices under
Auckland conditions. In addition to monitoring their effec-
tiveness, the ARC has used these devices to undertake
research to further characterise and quantify stormwater
related impacts in the Region. One such site has been the
Pacific Steel pond/wetland described in this paper.

Pacific Steel Ltd. - Stormwater Management

Historically, stormwater from the site was collected and
discharged, largely untreated, via three stormwater out-
lets (Figure 2).

Following detailed investigations in the late 1980s, a
stormwater treatment pond was commissioned in 1992,
designed to treat runoff from the entire site up to a 1-in-5-
year duration storm flow. The pond is located in the south-
western corner of the site, and discharges via a single
outfall to the “southern inlet,” a small tidal arm of Mangere
Inlet (Figure 3). The retrofitting of the stormwater treat-
ment pond, described in more detail below, was accepted
at the time by the ARC as the best practical option for
stormwater quality control for the site.

In addition to the construction of the treatment pond,
Pacific Steel Ltd. has introduced a number of day-to-day
site management measures under the auspices of a
stormwater management plan. The plan is designed to
manage the site’'s stormwater system and minimise the
initial contamination at source. It establishes protocols and
sets frequencies for a range of site practices, such as regu-
lar storm drain inlet cleaning, street sweeping and dust
suppression, installation of waste handling facilities,
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wastewater audits, staff training, and emergency spill re-
sponse plans. The implementation of the stormwater treat-
ment and the management plan has dramatically increased
the awareness of workers on site to stormwater related
issues.

Sources of Contamination

The principal types of contamination of concern include:
sediment, oils and grease, and a variety of heavy metals.
Of the 20 ha site, some 45% is covered by paving, 20% by
roofs, and the remaining 35% by stone covered storage
yards.

Given the nature and activities on site, sources of po-
tential stormwater contamination are varied and include:

1. Runoff from roads and roofs
2. Steel scrap stockpiles
3. Steel making waste stockpiles

4. Car shredder waste

5. Steel manufacturing (dust and fumes)
6. Truck washes

Typical contaminant concentrations in the site’s runoff
are shown in Table 1.

The variation in stormwater quality inflow to the pond,
as outlined in Table 1, stems largely from the site condi-
tions and the prevailing weather conditions. The 1990 re-
sults characterise stormwater runoff from the southwest-
ern part of the site, which did not include runoff from the
dirtier scrap recovery areas. Similarly the 1992 result
characterised stormwater from two-thirds of the site, again
without some of the scrap recovery area contribution. The
1994-1996 results represent the average stormwater qual-
ity as determined by monthly grab samples over that pe-
riod. This sampling would have encountered a range of
climatic conditions and is considered to represent the longer
term average inflow concentrations for the site. As with
the 1992 results, the 1997 results are the average inflow
concentrations from sampling of specific storm events.

The variability of contaminant inflows and the influence
of individual storm events is highlighted. A more detailed
analysis of the long term monthly data has suggested that
the inflow contaminant concentrations are reducing with
time (ARC unpublished data). This is principally attributed
to the improved site management practices carried out
under the Stormwater Management Plan. The performance
of the pond itself is discussed below.

Treatment Pond Design Characteristics

The treatment pond incorporates a permanent pond and
a constructed wetland, as well as an oil trap and an emer-
gency overflow (Figure 4). The pond was designed in ac-
cordance with standard stormwater management practices.
The pond is some 200m long and has an overall volume of
some 4,750 m3, with an additional live storage of approxi-
mately 4,200 m?3. This volume is in excess of that required
to meet ARC's guideline of 75% suspended solids removal
(i.e., approximately 4,450 m®). Total cost of the stormwater
pond and site upgrade was in the order of $NZ 1M in 1992
($US 0.6M).

The treatment device was initially commissioned in a
staged manner as the re-routing of the site’s drainage sys-
tem took place. It was intended that only stormwater and
emergency cooling water overflows pass through the pond.
However, recent work related to PCB contamination in the
outflow of the pond has identified other waste streams,
such as truck wash effluent, which is also discharged to
the pond. The impact of these additional waste streams
on overall pond performance is currently being investigated.

Operational Experience With Treatment
Pond
Experience to date has shown the pond to be effective

at removing suspended sediments and other contaminants
in the site’s runoff. The pond is trapping an average of 3
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Table 1. Typical Pacific Steel Ltd. Stormwater Contaminant Concen-
trations, as Measured at the Inlet to the Stormwater

Treatment Pond through time (g/m3).

Parameter 1990* 19922 1994-1996° 19974
Suspended solids 19 101.1 77 210
Total Oil and Grease 11 - 35 -
Copper (total) 0.018 0.14 0.14 0.48
Zinc (total) 0.18 1.6 2.94 7.4
Zinc (soluble) 0.09 0.2 0.37 0.23

1 Average stormwater quality prior to treatment pond from “cleaner”

part of the site (Bioresearches, 1990)

2 Average inflow over six storm events to new pond prior to full
diversion of entire site flows (Leersnyder, 1993)
3 Average ARC monthly grab sampling 1994-1996 (ARC unpublished

data)

4 Average inflow concentration over four storm events in 1997 (NIWA,

1997)

Settling Pond

Most contaminants (silts &
metals) settle out in this
200m long, 15m wide and
1.5m deep pond. The
average time it takes
water to flow through the
pond and wetland system
is 9 days.

Access Berm

Central Bund

Inlet

Stormwater enters trap
where any oil and large
particles are removed.

Stilling Basin

Outlet Pipeline
Discharge to tidal inlet
that connects with
Harania Inlet and
Manukau Harbour.

Artificially ¢
Created Wetland

Figure 4. Pacific Steel stormwater treatment pond
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tonnes per week of suspended solids which otherwise
would have been discharged to the wider receiving envi-
ronment. In addition, as much of the site is covered, the
site’s storm drain inlets also trap significant quantities of
material which is removed on a regular basis. A more thor-
ough assessment of the pond’s contaminant removal per-
formance is given below.

In the course of the 5 years of operation, a number of
operational issues and problems have become evident and
required addressing. Principal amongst these is the anaero-
bic conditions which can occur from time to time, turning
the pond completely black and foul smelling. It is unclear
where the high biological oxygen demand (BOD) water
suspected of causing this problem is sourced, although
recycled beer cans are suspected. An aeration device has
been installed at the inlet of the pond, to aerate the inflow,
particularly under low flow conditions in summer. This has
largely overcome the problem, although close monitoring
of the condition of the pond is required, as a “crash” can
occur relatively suddenly.

Water from immediately above the outflow is collected
and used on site for dust suppression during dry periods.

Further enhancements to improve sediment removal due
to the presence of elevated PCB concentrations, previ-
ously undetected and which have come to light due to tox-
icity screening of the effluent, have recently resulted in the
installation of two continuous cartridge filters at the outlet
of the pond. This is discussed in more detail below.

Stormwater Pond Monitoring

As indicated, the pond has been the subject of a range
of monitoring since its construction. The results of the spe-
cific monitoring investigations are outlined below.

Contaminant Removal Efficiency

Intensive performance monitoring of the treatment pond
was carried out initially, quantifying the mean concentra-
tion reduction and the event mean concentration for vari-
ous contaminants. This early monitoring estimated similar
removal efficiencies for each method (Leersnyder, 1993).
Therefore, long-term pond efficiency monitoring has utilised
mean concentration reductions on a monthly basis.

Table 2 compares the mean concentration reduction of
the pond during the initial two year commissioning period
(1992), the subsequent 1994-1996 period, and during re-
cent toxicity studies (1997) undertaken on the pond. The
1992 and 1997 studies sampled pond performance over
four individual storm events each.

It is worth noting the relatively high removal efficiencies
maintained since commissioning except for soluble Zn. This
is in spite of the progressive increase in contaminant loads
to the pond since the initial commissioning period. The
variability in pond performance is presumably related to
the influent variability foun